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PREFACE TO THE FIRST EDITION 


The present volume is an enlarged edition of that published 
in 1887, and has been completely rewritten. The preparations 
have all been carefully revised, sonie of the former ones 
omitted and many new ones introduced. The chief additions 
are the introductory chapters on organic analysis and molecular 
weight determinations, and an extension of the appendix. 

The book does not aim at being a complete laboratory guide, 
but is intended to provide a systematic course of practical in- 
struction, illustrating a great variety of reactions and processes 
with a very moderate outlay in materials and apparatus. 

The objection may be raised that the detailed description of 
processes makes no demand upon a student’s resourcefulness 
or ingenuity. It must be remembered, however, that the 
manipulative part of organic chemistry is so unfamiliar to the 
elementary student that he requires minute directions in order 
to avoid waste of time and material. Until he.. has acquired 
considerable practical skill he cannot accomplish the experi- 
mental work requisite for research, and repeated failures will be 
apt to destroy his confidence in himself. 

To satisfy, to a . legitimate extent, the prejudices of certain 
examining bodies, who still adhere to the old system of testing 
a student’s knowledge of practical organic chemistry by means 
of the qualitative analysis of certain meaningless mixtures, the 
special tests for some of the more common organic substances 
have been inserted. At the same time, an attempt has been 
mc^e at the end of the appendix to systematise the analysis of 
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organic substances on a broader and therefore more rational 
basis. 

' The present occasion seems opportune to direct attention to 
the fact that one of the most familiar, most readily procurable 
and most cheaply produced of all organic materials is placed 
beyond the reach of many students by the heavy duty levied 
upon it. May I, in the name of teachers of organic chemistry, 
appeal to the Board of Inland Revenue, on behalf of scientific 
and technical education, to provide institutions for higher 
education in science with a limited quantity of pure alcohol 
free of duty, thereby placing schools of chemistry in this 
country in the same position as those on the Continent ? 

In conclusion I desire to thank Dr. J. McCrae, who has 
written the section on Ethyl Tartrate and the use of the Polari- 
meter, Dr. T. S. Patterson, who has been kind enough to look 
over the proofs, and Mr. H. D. Dakin, who has given me sub- 
stantial assistance in the practical work of revision, 

J. B. COHEN. 

The Yorkshire College, 

October^ 1900, 



PREFACE TO THE SECOND EDITION 


In the former edition attention was drawn to certain 
drawbacks which accompanied the study of practical organic 
chemistry, among which the heavy duty on alcohol and the 
unsatisfactory nature of the practical tests demanded by 
public examining bodies were specially emphasised. 

Teachers and students alike must welcome the changes which 
have since taken place. An excise duty on alcohol used in the 
laboratory is no longer exacted from students of science, and 
substantial reforms have been introduced into practical examina- 
tions. 

One important feature in some of the new examination 
regulations is the recognition of the candidate’s signed record 
of laboratory work. We are, in fact, beginning to discover an 
inherent .defect in practical chemistry as an examination sub- 
ject, namely, its resistance to compression into a compact 
and convenient examination form. 

The old and drastic method by which chemistry was made to 
fit into a syllabus consisted in cutting out the core of the 
subject, or in other words, in removing all the processes which 
demanded time, skill, and some intelligence, and in reducing the 
examination to a set of exercises in a kind of legerdemain. This 
process has been to a large extent abandoned, but a residuum 
of it s.till remains. It is to be hoped that the kind of practical 
examination in organic chemistry, which consists in allotting 
a few hours to the identification of a substance selected from 
a particular list, will in time be superseded or accompanied 
by a scheme encouraging candidates to show, in addition 
to their note-books, evidence of skill and originality, as, for 
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example, in submitting specimens of new or rare preparations, or 
in presenting an account of some small investigation. 

The present edition is much enlarged and contains new pre- 
parations, reactions and quantitative methods, all of which have 
been carefully revised. My object has been not to follow any 
particular syllabus, but to present a variety of processes from 
which a selection may be made to suit the special needs of 
different students. 

My thanks are due to Mr. Joseph Marshall, B.Sc., and 
several of my senior students, for their assistance in the work of 
revision. 


The University, Leeds. 
July, 1908. 


J. B. COHEN 
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ORGANIC ANALYSIS 


Qualitative Examination. 

Carbon and Hydrogen. — Carbon compounds are fre- 
quently inflammable, and when heated on platinum foil take 
fipe or char and burn away. A safer test is to heat the substance 
with some easily reducible metallic oxide, the oxygen of which 
forms carbon dioxide with the carbon present. Take a piece of 
soft glass tube about 13 cm. (5 in.) long, and fuse it together 
at one end. Heat a gram or two of fine copper oxide in a 
porcelain crucible for a few minutes to 
drive off the moisture, and. let it cool 
in a desiccator. Mix it with about 
one- tenth of its bulk of powdered sugar 
in a mortar. Pour the mixture into 
the tube, the open end of which is now 
drawn out into a wide capillary and 
benl: at the same time into the form 
shown in Fig. i. This is done by 
shaking down the mixture to the closed end and revolving the 
tube in the blow-pipe flame about 2J cm. (i in.) beyond the 
mixture until it is thoroughly softened. The tube is then 
removed from the flame, drawn out gently and bent. Make a 
file scratch across the end of the capillary and break it. When 
the tube is cold tap it horizontally at the edge of the bench, so 
as to ^orm a free channel above the mixture. Suspend it by a 
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copper wire to the ring of a retort stand, and let the open end 
dip into lime or baryta water. Heat the mixture gently with a 
small flame. The gas which bubbles through the lime water 
turns it milky. Moisture will also appear on the sides of the 
tube, which, provided that the copper oxide has been thorouglily 
dried beforehand, indicates the presence of hydrogen in the 
compound. Gases, or volatile substances like ether and 
alcohol, cannot, of course, be examined in this way ; hut 
an apparatus must be arranged so that the gas or vapour is 
made to pass over a layer of red hot copper oxide and then 
through the lime water. 

Nitrogen.— Many organic nitrogen compounds when 
strongly heated with soda-lime give off their nitrogen in tlie 
form of ammonia. Grind up a fragment of cheese or a few 
crystals of urea with 5 to 6 times its weight of soda-lime, pour 
the mixture into a small test-tube (preferably of hard glass) and 
cover it with an equally thick layer of soda-lime. Heat strongly, 
beginning at the top layer. Ammonia is evolved and can be 
detected by the smell, or by holding a piece of moistened 
red litmus paper at the mouth of the tube. When nitrogen is 
present in direct combination with oxygen, as in the nitro- and 
azoxy-compounds, ammonia is not evolved. The following 
general method is applicable to all compounds and is there- 
fore more reliable. The compound is heated with metallic 
potassium or sodium when potassium or sodium cyanide 
is formed. The subsequent test is the same as for cyanides. 
Pour about lo c.c. of distilled water into a small beaker. 
Place a fragment of the substance in a small test-tube along 
with a piece of metallic potassium or sodium the size of 
a coffee bean, and heat them at first gently until the re- 
action subsides, and then strongly until the glass is nearly 
red-hot. Then place the hot end of the tube in the small 
beaker of water. The glass crumbles away, and any residual 
potassium is decomposed with a bright flash, all the cyanide 
rapidly goes into solution, whilst a quantity of carbon remains 
suspended in the liquid. Filter through a small filter into a test- 
tube. Add to the clear solution a few drops of ferrous 
sulphate solution, and a drop of ferric chloride, boi*l up for 
a minute, cool under the tap, and acidify with dilute hydro- 
chloric acid. A precipitate of Prussian blue indicate 3 the 
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presence of nitrogen. If the liquid has a blue colour, let it 
stand for an hour and examine it again for a precipitate. If no 
precipitate appears and the solution remains of a clear 
yellowish-green colour, no nitrogen is present. 

If sulphur is present, an excess of alkali metal must be 
used to prevent the formation of sulphocyanide. 

The Halogens. — Many halogen compounds impart a green 
fringe to the outer zone of the non-luminous flame. A more 
delicate test is to heat the substance with copper oxide 
(Beilstein). Heat a fragment of copper oxide, held in the loop 
of a platinum wire, in the outer mantle of the non-luminous 
flame until it ceases to colour the flame green. Let it cool down 
a little and then dust on some halogen compound (brom- 
acetanilide will serve this purpose, see Prep. 55, p. 152). Now 
heat again. A bright green flame, accompanied by a blue zone 
immediately round the oxide, indicates the presence of a 
halogen. The halogen in the majority of organic compounds 
is not ‘directly precipitated by silver nitrate. Only those 
compounds which, like the hydracids and their metallic salts, 
dissociate in solution into free ions give this reaction. If, 
however, the organic compound is first destroyed, and 'the 
halogen converted into a soluble metallic salt, the test may be 
applied.. Heat the substance with a fragment of metallic sodium 
or potassium as in the test for nitrogen, p. 2. The test-tube 
whilst hot is placed in cold water, the alkaline solution filtered, 
acidified with dilute nitric acid and silver nitrate solution added. 
A curdy, white or yellow precipitate (provided no cyanide is 
present), indicates a halogen. If a cyanide is present, boil with 
nitric acid until the hydrogen cyanide is expelled and add 
silver nitrate. 

Sulphur.— -The presence of sulphur in organic compounds 
may be detected by heating the substance with a little metallic 
sodium or potassium. The alkaline sulphide, when dissolved in 
water, gives a violet colouration with a solution of sodium nitro- 
prusside. Heat a fragment of gelatine with a small piece of 
potassium in a test-tube until the bottom of the tube is red hot, 
and place it in a small beaker of water as described in the test 
for nitrogen (p. 2). Filter the liquid and add a few drops of 
sodium nitroprusside solution. 

Phosphorus. — The presence of phosphorus is ascertained 
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by heating the substance strongly with magnesium powder and 
moistening the cold product with water. Magnesium phosphide 
is formed and is decomposed by the water, giving phosphine 
which is readily detected by its smell. 

Quantitative Estimation. 

Carbon and Hydrogen.— The principle of the method is 
that described under qualitative exainmatiofi^ but the substance 
and the products of combustion, viz., carbon dioxide and water, 
are weighed. The following app'aratus is required. 

1. An Erlenmeyer or other form of Comlmstion FiLjmace . — 
The usual length is 80-90 cm. (31-35 in.), and it is provided with 
30 to 35 burnei's. Flat flame burners are undesirable. 

2. A Drymg Apparatus. — A form of drying apparatus which 
is easily fitted together is shown in Fig. 2. It consists of four 

large U -tubes arranged side by side 
in pairs. The U -tubes are mounted 
upon a wooden stand with two up- 
rights, to which the two pairs of tubes 
are wired. The first of each pair is 
filled with soda-lime, and the second 
with pumice soaked in concentrated 
) j Fig, 2. sulphuric acid. Each soda-lime tube 

^ i is connected with a sulphuric acid tube 

by well-fitting rubber corks and a bent glass tube. The two 
other limbs of the sulphuric acid U -tubes are joined by a three- 
way-tap forming a T-piece. The free end of the T-piece is 
attached to a small bulb 
tube. Fig. 3, containing a 
i drop of concentrated sul- 

I phuric acid to mark the 

5 > rate at winch the bubbles 

f . ? i are through the 

< : ■ d^i^^i-'^^paratus. The 

bMl/^ube isv connectg^'twith the combustion tube by a short 
5 j^:e of rubber tubing and a short glass tube, which passes 

' ' * through a rubber cork fixed in the end of the combustion tube. 

» . . The rubber ' tubing carries a screw-clip. The open encfe of 

.j 
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the soda-lime U-tubes are closed with rubber corks, through 
which pass bent glass tubes. One of these glass tubes is con- 
nected by rubber tubing to an oxygen gas-holder or to a 
cylinder of compressed oxygen, which must be furnished with 
an automatic regulating valve, and the other glass tube is 
attached to a gas-holder containing air. By turning the three- 
way tap, either oxygen or air may be supplied to the combustion 
tube. 

3. A Coinbustio 7 i Tube of Hard Glass . — It should be about 13 
mm. inside diameter, and the walls not more than 1*5 mm. 
thick. Its length should be such that it projects at least 5 cm. 
(2 in.) beyond the furnace at either end. After cutting the 
required length, the ends of the tube are cai*efully heated in the 
flame until the sharp edges are just rounded. The tube is filled 
as follows. Push in a loose asbestos plug about 5 cm. (2 in.) from 
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one end. This end, to which the calcium chloride tube and potash 
apparatus are subsequently attached, may be called front end. 
Pour in coarse copper oxide at the opposite end and shake it down 
to the plug until there is a layer about two-thirds the length of the 
tube. Keep the oxide in position by another plug of asbestos ; 
see that the plugs are not rammed too tight. Make a roll of 
copper gauze about 13 crn. (5 in.) long to slide easily into the 
back end of the combustion tube. This is done by rolling the 
gauze tightly round a stout copper wire until the requisite thick- 
ness is obtained. The projecting ends of the wire are then 
bent over into hooks as shown in Fig. 4. This roll, or spiral, 
as it is usually called, is subsequently oxidised. It is pushed 
into the tube or withdrawn as occasion requires by a piece of 
hooked wire. The combustion tube is placed on a layer of 
asbestos in the iron trough of the furnace. The arrangement of 
the tube with boat and spiral is shown in Fig. 5. ? 

4. A Straight Calcium Chloride Tube . — It is inserte*lhr6ugh a 
rubber cork and fixed in the front end of the combustion tube 
when the latter is not in use, as copper oxide is veiy^ hygro- 
scopic, and it is necessary to protect it from the moisture in 
the »ir. 


6 


PRACTICAL ORGANIC CHEMISTRY 


c A Potash Apparatus . — Several forms of potash apparatus 
are made ; that of Geissler (Fig. 6), and Classen (Fig. 7) being 
perhaps most commonly employed. The latter has the advan- 
tage of being very light. The removable side tube is filled 
with granulated calcium chloride or soda-lime, with a plug of 
cotton wool at each end. The bulbs of the apparatus are filled 
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with a strong solution of caustic potash containing 25 grams of 
potash to 50 c.c. of water. This is done as follows. Remove 
the soda-lime tube and attach in its place a piece of rubber 
tubing. This serves as a mouthpiece. Pour the potash 
solution into a basin and dip the other end of the potash 
apparatus under the liquid. Suck at the rubber tube until the 
quantity appears sufficient to fill the bulbs. Remove the 
potash solution and continue to suck until the solution is trans- 
ferred to the bulbs. The bulbs should be nearly filled. In the 
case of Classen’s apparatus, the liquid should stand half an inch 
deep in the bottom of the apparatus outside the lowest bulb. 



Fig. 6 Fig. 7. 


Wipe the potash solution from the outside and inside of the 
inlet tube of the apparatus with filter paper. Smear a thin film 
of vaseline on the ground end of the soda-lime tube before 
replacing it, and fit to the open ends of the apparatus, stoppers 
of rubber and glass rod, which are not removed, except when 
the apparatus is in Use. As the potash apparatus has j;6 be 
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refilled after every two combustions, it is advisable to keep a little 
stock of solution in a bottle fitted with an ordinary cork. 

6. A Calcium Chloride U- The form of calcium chloride 

tube is shown in Fig. 8. It is fitted with sieved calcium 
chloride to within 2^ cm. (i in.) of the 
side pieces, and then with coarser pieces 
to within ^ cm. (i in.). Place a small 
plug of cotton wool in both limbs above 
the chloride to keep it in position. Two 
well-fitting corks, cut off level with the 
glass and coated with sealing-wax, pro- 
duce an effective air-tight stopper to the Fig. s. 

open limbs, but it is preferable to seal 

them in the blow-pipe flame. The sealing requires a little skill. 
Carefully wipe off any chloride dust which may have adhered 
to the open ends of the two limbs. Cork up one limb and 
stopper one of the side tubes. Attach a short piece of rubber 
tubing to the other side tube to serve as a mouthpiece. Now 
soften the end of the open limb in a small blow-pipe flame, and 
at the same time heat the end of a short piece of glass rod. 
With the hot end of the rod gather up the edges of the open 
limb, and whilst rotating the limb backwards and forwards in 
the flame, draw it out and seal it up. If successful, the appear- 
ance of the tube is that shown in Fig. 9. The blob of glass is 
heated in a small flame, and, by gently blowing and re-heating 

and blowing again, the blob can be 
removed, and, finally, by using a 
rather larger flame, heating and 
blowing alternately, the end is 
neatly rounded. 

7. A Porcelain or^ preferably^ a 
Platinum Boat . — See that it slips 
Fig. 9. easily into the combustion tube. 

The boat is kept in a desiccator 
on a flat cork or support made of glass rod when not in use. 

Preparation of the Tube. — Before starting the com- 
bustion it is necessary to clean and dry the combustion tube. 
This is effected by heating the whole length of the tube con- 
taining the copper oxide and spiral gradually to a dull red heat, 
and passing through it a slow stream of dry oxygen from the 
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gas-holder or cylinder. As soon as a glowing chip is ignited at 
the front end and the moisture, which at first collects there, has 
disappeared,- the gas jets are turned down and finally ex- 
tinguished. The oxygen is then stopped, and the straight 
calcium chloride tube inserted into the open end of the tube. 

' Preliminary Operations. — Grind up a little pure oxalic 
acid, and carefully weigh out 0*15 to 0*2 gram (not more) in the 
boat Weigh also the calcium chloride tube and potash appa- 
ratus without stoppers or other accessories. The side tube of 
the calcium chloride tube, which carries the bulb, is attached 
directly to the combustion tube Avith a rubber cork. This cork 
should be carefully selected, and should exactly fit the com- 
bustion tube. The bore hole should be small and smooth, and 
it is advisable to dust it with graphite or coat it with a film of 
vaseline to prevent the rubber from clinging to the glass, a 
matter of frequent occurrence unless this precaution is taken. 
The cork should be kept exclusively for the combustion. Push 
the side tube of the calcium chloride tube through the hole until 
it is flush with the opposite surface, and squeeze the cork tightly 
into the combustion tube. Attach the potash apparatus to the 
other limb of the calcium chloride tube by a well-fitting piece 
of rubber tubing about 3 cm. (ij in.) long, and bring the ends 
of the glass as closely as possible together. It should be 
unnecessary to wind wire round the joint if the rubber is of the 
right diameter. A little vaseline may be used here with advan- 
tage, but only in the thinnest film. The potash apparatus 
will require to be supported upon a block or stand. Remove 
the copper spiral from the back of the tube. Introduce the 
boat and push it into position against the asbestos plug by 
means of the spiral which is placed behind it. Replace the 
rubber cork connected with the drying apparatus. The apparatus 
will present the appearance shown in Fig. 10. 

It must now be tested to see that it is air-tight. For this 
purpose, close the open end ot the potash apparatus with a 
tight stopper and turn on the full pressure from either gas- 
holder. After the first few bubbles of air have passed through 
the bulbs of the potash apparatus no further movement of 
bubbles should appear m any ^art of the apparatus. If it 
withstands this test, the combustion may proceed. Release the 
pressure by closing the tap of the gas-holder, screwing mp the 
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clip at the back of the combustion fn^,^rtd^cautiouslyi 

the stopper from the potash apparatK^ 

■way tap from its socket for a moment. u /. 

The Combustion.— Turnon the oxygen ^TaajCisrthe rate 
of flow through the apparatus by means of the screw-dip ‘so 
that - 2 or 3 bubbles a second pass through the potash bulbs 
I hrow back the tiles if closed, and light the burners under the 
front layer of copper oxide to within lo cm. (4 in.) of the boat 
and also 2 or 3 burners under the spiral behind the boat but 
not within 5 cm. (2 in.) of the boat. Turn up the gas slowly to 
avoid cracking the tube and in a minute or two, when the tube 
is thoroughly warmed, close the tiles over the lighted burners 
and heat to a dull red heat. A vivid red heat during the 
combustion is not only unnecessary, but undesirable, as the 
Ji'lass is apt to soften and be distorted and even to blow out and 
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become perforated. A combustion tuoe carefully handled 
should last indefinitely. When the copper oxide is red hot, 
turn on the burners very gradually from the spiral towards the 
boat, but do not close the two pairs of tiles over the boat until 
the combustion is nearly terminated and the burners are all 
lig’hted. The first indication of the substance burning is the 
appearance of a film of moisture at the front end of the 
combustion tube and an increase in the speed of the bubbles 
passing through the potash apparatus. The front end of the 
tube, which should project 4 to 5 cm. (i-J- to 2 in.) from the 
furnace, must be kept sufficiently hot to prevent moisture 
permanently condensing there ; but it must never be allowed to 
become so hot that there is any risk of the cork being burnt, 
and it should always be possible to place the finger and thumb 

£ ound the part of the tube where the cork is inserted, A screen 
_nade -from a square piece of asbestos board, with a slit in it 
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slipped over the tube at the end of the furnace, may l>e UHecl 
with advantage. 

The speed of the bubbles is the best inchcation of the 
of the combustion. If the rate increases so that the 
passing through the last bulb cannot easily he counted, 
or burners must be lowered or oxtinguislied until the spoc^l 
slackens. After a time, when the air has I>een displaced and 
carbon dioxide largely fills the tube, the gas is nearly all 
sorbed in the first potash bulb. When this occurs, the current 
of oxygen maybe increased until the Imhliles apiiear synchro.. 
noLTsly in the bulbs, when the current is again clu'Cked. | f 
some copper oxide has been reduced in the iirst stages of the- 
process, the bubbles in the potash aiiparatus may entirely ra-usc- 
for a time, but will reappear when the copjier has Iieen reoxi- 
dised. Here again an increased current of oxygtm will hastini 
the process. The combustion is coinplele when a glowing (ih| > 
held at the end of the pota.sh apparatus is rekindled. All the:^ 
moisture must by now have been driven over into the calriuu^ 
chloride tube. If this is not the case, warm the <‘hd of the 
cautiously with a small flame, or by means of a hot tiU‘ held 
near the tube The time required to comjilete th(‘ combust 
is about one-half to three-quarters of an hour from the time the- 
front of the tube is red hot, but more voiatih^ suhstanct^s, whicli 
must be heated more cautiously, will naturally take longer. 

The combustion being complete, gradually turn down, ant! iri 
a few minutes extinguish, the burners. Whilst the furnace < oc»lf^ 
the oxygen is replaced by a slow current of air. 'Po do this iHc- 
oxygen supply is stopped and the three-way tap is turned 
through i 8 o°, so as to connect the tube with the air reservoir^ 
the tap of which is then opened and the stream of air regulateci 
by the screw clip. 

Let the air pass through for 20 minute.s whilst the furna<*e is 
cooling down. Then remove and stopper the potasli apparatus^ 
and the calcium chloride tube, and after allowing them to Htatid 
by the balance case for half-an-hour, weigh. 

The results are calculated in percentages of carbon atid 
hydrogen as follows : 

•w is the weight of substance taken. 

a is the increase in weight of the potash apparatus. 
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b is the increase in weight of the calcium chloride tube. 


12 X ^ X lOO 
44 X 

2 X b X lOO 
i8 X w 


= per cent, of carbon. 

= per cent, of hydrogen. 


Example. — 0*1510 gram of oxalic acid gave 0*1055 gram of 
CO2 and o*o68 gram of H2O. 

12 X 0*1055 X TOO 

44 xo*i5io 
2 X o*o68 X 100 
18 xo*i5io 

Calculated for C2Hgp0 : C == 19*04 per cent. ; H = 4*76 per 
cent. 

As a rule, the carbon is a little too low through loss of mois- 
ture from the potash apparatus, whilst the hydrogen is too high, 
probably through incomplete drying of the air and oxygen from 
the gas-holders. The discrepancy should not exceed 0*2 per 
cent, of the theoretical amount. If the substance burns with 
difficulty it should be mixed with fine copper oxide in the 
manner described under quantitative estimation of nitrogen. 

The Comb*astion of Volatile and Hygroscopic Sub- 
stances. — If the substance is a non-volatile liquid it may be 
weighed in a boat like a solid ; if it is hygroscopic the boat 
must be enclosed and weighed in a stoppered tube. If it is a 
volatile liquid a glass bulb or tube, drawn out into a neck as 
shown in Fig. ii, must be used. The 
bulb is first weighed, and the liquid 
is introduced by warming the bulb 
gently to expand the air and then Fig n. 

inverting the open neck under the 

liquid. The operation may require repeating. The tube is then 
sealed and weighed again. Before introducing the bulb into 
the tube the neck is nicked with a file and broken off. It 
is then placed in the boat and pushed into the combustion 
tube. In the combustion of a substance like naphthalene, which 
is moderately volatile, the greater part is vaporised by the 
heat of j:he copper oxide spiral in^ contact with the boat. The 



= 19*05 per cent, of carbon. 

= 5*00 per cent, of hydrogen. 
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burners are therefore not lighted under the l^oat until towards 
the close of the combustion. In the case of a higlily volatile 
compound like ether, a combustion tube is used, wliirh projects 
at least 15 cm. (6 in.) beyond the back of the furnace. 'Die 
bulb containing the substance is then placed just outside tlu; 
furnace, and then the spiral in contact with it. A small Ihinsen 
flame is placed under the end of the spiral away from the sub- 
stance, the heat from which is sufficient to completely volatilise 
the substance at a convenient speed. 

The Combustion of Organic Substances containing 
Nitrogen. — The following modification must be introduced in 
cases where the organic substances contain nitrogen. .As tlu* 
nitrogen may be liberated in the form of one or otlier of its 
oxides, which are liable to be absorbed in the jjotash apparatus, 
a source of error is introduced, which may be eliminated in the 
following way. A spiral of metallic copper is ])rought into the 
front end of the combustion tube, which, when red hot, rediict's 
the oxides of nitrogen. The free nitrogen then passes tln-ough 
unabsorbed. About 13 to 15 cm. (5 to 6 in.) of coarse 
copper oxide is removed from the front end of th(‘ tiilx.*, and 
after inserting an asbestos plug, the s])acc left by the oxidt; is 
filled with a roll of copper gauze 13 to 15 cm. (5 to 6 in.) 
long. The copper spiral must have a clean metallic surface, 
which is easily produced in the following way. 'V’.ikv, a largt^ 
test-tube or boiling tube, an inch or so longer than ilur spiral, 
and push down to the bottom a small pad of aslxxstos. I’our in 
about 5 c.c. of pure methyl alcohol. 

Have a cork at hand which fits loosely into the nioutli of tint 
test-tube. Wrap the tube round with a duster. 1 lold tlu' coj) 
per spiral with the crucible tongs in a large blow-))i])e tlaiiK* until 
it is red hot throughout and slide it quickly into the test-tulx*. 
The methyl alcohol reduces the film of oxide on the copper a,nd 
is at the same time oxidised to formaldehyde, the vapf)urs of 
which attack the eyes if the tube is brought too near the fa<a‘. 
The alcohol takes fire at the mouth of the test-tube. When the 
flame dies down insert the loose cork and let the tul)e cool. 'Fhe 
spiral, which has now a bright surface, is withdrawn, and the 
excess of alcohol removed by shaking it. It nnisl now be 
thoroughly dried. Place the spiral in a hard glass tu])e a Anv 
inches longer than the spiral and fitted at each end with a cork, 
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nto which short, narrow glass tubes are inserted. Attach one 
md of the tube to an apparatus for evolving carbon dioxide, 
kvhich is thoroughly dried by passing it through concentrated 
sulphuric acid. When the air is expelled from the tube, heat it 
gently until the alcohol is removed. Then let the tube cool 
while the gas is passing through. The spiral is then removed 
ind placed in the front of the combustion tube. The combustion 
is carried out in the manner already described, but a current of 
lir is substituted for oxygen until all the hydrogen has been 
sxpelled, /.<?., until water ceases to condense in the front of the 
;ube. The burners under the metallic copper are then gradually 
sxtinquished, and the spiral allowed to cool whilst the current 
Df air is replaced by oxygen. By the time the oxygen reaches 
:he spiral, the latter should have so far cooled that it remains 
.moxidised. The current of oxygen is continued until a glowing 
:hip is kindled at the end of the potash apparatus and the 
operation is completed by turning on the air as previously 
described. 

A convenient substance to use for analysis is acetanilide, see 
Preparation 54, p. 151. 

Combustion of Organic Compounds containing 
Halogens and Sulphur. — When the halogens or sulphur 
are present in an organic compound, they are liable to be ab- 
sorbed either in the free state or in combination with oxygen in the 
potash apparatus. In this case, fused lead chromate broken up 
into small pieces must replace the coarse copper oxide in the 
combustion tube. The halogens and sulphur are retained by the 
lead, the former as the halide salt, and the latter as lead sulphate 
Special care must be taken in using lead chromate, that the 
temperature of the furnace is not too high, as otherwise the 
chromate fuses to the glass, and the combustion tube then 
cracks on cooling. 

Nitrogen (Dumas). — According* to this method, a weighed 
quantity of the substance is heated with copper oxide in a tube 
filled with carbon, dioxide. The carbon and hydrogen form 
respectively carbon dioxide and water, and the nitrogen which 
is liberated in the form of gas is collected over caustic potash 
(which absorbs the carbon dioxide) and measured. 

The following apparatus is required : — 

1. A combustion furnace of the ordinary form. 
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2. A s/iort fii7‘?iacc of simple construction, siu h ;is iist-il in 
Turner’s method for estimating- carbon in steel (J'it^. 121. It 
should can*}' an iron troie^h about 
30 cm. (t2 in.) lonj^-, iixed at suc h 
a heii^ht that it can l>e heated l)y 
an ordinary Ikmseii ])urm‘r. 

3. A io)}ibustio/i tiebt\ which may 
be rather lon‘^er than that used 
in the estimation of carljon and 
hydrogen. 

4. A sho?‘t ///b(\ 25 

28 cm. (10 — II in.) long-, and closed tit one end. 

5. A bent tube 'ivith a biilb^ blown in the centre, tis shown tit 
(t^ Fig. 13. This is attached by rubber corks to the ends of the 
long and short combustion tubes. 

6. A f^radiiatcd Schijjl'^s Azotonicie}\ Fig. 13. -.X sintill (pian- 

tity of mercury, is first poured into the liottom of tlie tube* so as 
to fill it 4 — 5 mm. above the lower side limb. ;\ solution of 
potash (i KOH : 3H2O) is then poured into tln^ gltiss reservoir, 
which is attached to the upper strtiight side limb l>y ti rubbm* 
tube. By raising the reservoir and opening tlu^ ttij) lh<‘ tube is 
filled, and remains so on closing the tap and lowering the reser- 
v^oir. When the tube is filled with jtutash solution then; should 




Fig. 13. 




Fig. v^. 


be sufficient mercury at the bottom to seal off tl,e ijotasl, s.,ht 
tion from the bent limb, which connects with liie .•omhusti.,n 
tube. 

7. Two flasks^ 200 c.c. and 


300 r.t'.— Thcj necks anr slightly 



antitative estimation is 

constricted in tTie; blow-pipe flame, so that the end of the com- 
bustion tube in as far as the constriction (Fig. 14). The 

flasks are fitt^cT good corks. 

8. A spiral copper gauze 15 cm. (6 in.) long, which is 

reduced in alcohol as described on p, 12. The spiral 

should be just before use when the tube is filled 

and ready. I^- unnecessary to remove all the alcohol from 

the spiral by ^ current of carbon dioxide. It is 

sufficient to wTiisb: it sharply through the air 
and shake off excess of liquid. 

9. A sufficie7:i^g ^'le.antity of coarse copper oxide 
to fill the cotnl::>ij.s'tiou tube two- thirds full and a 
further quantity of fine copper oxide to occupy 
10 — 13 cm, (4- ^ in.) of the tube. 

10. Two s/zcxTT^"^^ dishes^ 10 — 13 cm 
(4 — 5 in.) in dia.n.'i.eter for roasting copper oxide. 

These dishes t)e obtained from. the iron- 

monger in difYeiront sizes and are useful in the 
laboratory for 3, ■v^s.riety of purposes, such as for 
oil, metal or sa-n<i-baths. 

11. ^ sqiict:^£: of copper gauze of moderate 

mesh of the of tfi^ bn dish. It is turned 

up at the edges and is used for sifting the coarse ftom the 
fine copper oxiicie after each combustion. 

12. Pu 7 'e saccTzzc^n bica 7 'bo 7 iate^ NaHC03, in powder free from 
ammonia. 

Filling thio Combustion Tube. — A plug of asbestos is 
first pushed in. f"x'om one end far enough to leave room for the 
copper spiral, xvl-x-ich should lie well within the furnace. This end 
of the tube is solDsequently attached to the azotometer and may 
be called the end. The coarse copper oxide is heated over 

a Bunsen buriTLei' in one of the shallow tin dishes and the fine 
oxide in ano timer. After about a quarter to half an hour the 
burners are e>ctinguished and the oxides whilst still warm are 
introduced in.to their respective flasks with drawn-out necks, 
The flasks are cl osed with corks and allowed to cool. The back 
end of the comlmustion tube is now pushed horizontally into the 
neck of the coai'se oxide flask and the oxide poured on to the 
plug by tilting- tlae flask and tube. The tube is filled with oxide 
about two-thircis of its length. Into the flask containing the 
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fine oxide about 0*2 gram of powdered substance (acetanilide 
may I)e conveniently used, see Prep. 54, p. 151) is wc'ighed 
out by difference from a sample tube, which should contain the 
approximate quantity. The substance is then well mixed witli 
the oxide by shaking the flask. The contents of the flask are 
carefully poured into the tube above the coarse oxide in the 
manner described and the flask is rinsed out with coarse oxide, 
which is likewise poured into the tube until it is filled to the 
full length of the furnace. A loose plug of asbestos is ])ushed 
in to keep the materials in position and the tube is ta))ped 
horizontally on the bench in order to form a channel above the 
layer of fine copper oxide. The tube is now laid in tlic furnace, 
which is tilted a little forwards in order to collect the moisture 
at the front end of the tube. The short closed tube is 
well packed with powdered sodium bicarbonate and lappetl 
horizontally so as to form a good channel above the whole 
length of the substance. It is laid in the small funnace, wliicli 
is also tilted forwards to drain off the water which is formed. 
The bicarbonate and the combustion tubes are connected by the 
bulb tube already described. The copper spiral is now rediu’ed 
and pushed into the front of the tube up to the plug and finall>' 
the azotometer is attached by its bent tube. The arrangcnienl 
of the tubes and their contents are shown in Figs. 13 and 15. 

The Combustion. — The tap of the azotometer is opened 
and the reservoir lowered so as to empty as far as possible the 
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air expelled, for the gas then pushes the column of air before 
it like a piston, before the latter has time to diffuse. In about 
ten minutes, the row of burners beneath the spiral and the 
coarse oxide to within 10 cm. (4 in.) of the fine oxide may be 
lighted. Ill another fifteen minutes, the gas which is passing 
through the tube may be tested. The current is allowed to 
slow down a little, and the graduated tube of the azotometer is 
then filled with potash solution by raising the reservoir and 
closing the tap. On gradually lowering the reservoir, a few 
bubbles will pass up the graduated tube. 

By the time they reach the top of the tube, the size of the 
bubbles should have become so minute that when collected at the 
top they occupy no appreciable volume, but appear as a fine froth. 
If this is not the case, open the tap, run out the solution and 
continue as before to drive carbon dioxide through the tube. 
Repeat the test in another five minutes. Not more than half 
the bicarbonate should have been utilised in expelling the air. 
The air being removed, the combustion of the sulistance is com- 
menced. The azotometer is filled with the potash solution, the 
tap closed, and the reservoir lowered as far as possible. The 
current of carbon dioxide is allowed to slacken, but it must not 
be completely stopped. The front portion of the combustion 
tube will by this time have reached a dull red heat. A few 
more burners are now lighted on both sides of the fine oxide. 
Finally, the layer of fine oxide is gradually heated and the pro- 
cess conducted in much the same manner as that described 
under the estimation of carbon and hydrogen. The combustion 
is regulated by the speed of the bubbles passing up the 
azotometer tube, which should enable them to be readily 
counted. The burners being all lighted and the tube red hot 
throughout, the tiles above the substance are closed. The 
current of gas will shortly slacken. The residual nitrogen is 
then expelled from the tube by moving on the flame beneath 
the bicarbonate and causing a fresh stream of carbon dioxide to 
sweep through the tube. Care must be taken that the stream 
of gas is not too rapid, as otherwise the potash solution may 
become saturated and driven completely into the reservoir. The 
burners may now be extinguished and a reading of the level in 
the azotometer taken every few minutes until it remains constant 
and the bubbles are completely absorbed. Remove the 
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azotometer by slipping out the cork from the front of the com- 
bustion tube^ and hang a thermometer beside it. Do not, 
however, stop the flow of carbon dioxide until the tube is nearly 
cold. In this way, the copper spiral remains quite bright and 
may be used for a second determination without being 
reduced. 

When the azotometer has stood for an hour in a cool place, 
adjust the level by raising the reservoir so that the liquid in the 
tube and reservoir stand at the same height. Read off the 
volume, and at the same time note the temperature and the 
barometric pressure. 

The percentage of nitrogen may be calculated as follows : — 

V is the observed volume of nitrogen. 

B is the height of the barometer in mm. 

t is the temperature. 

/is the vapour tension of the potash solution, which may be 
taken to be equal to that of water without serious error. 


The volume corrected to o° and 760 mm. will be given by 
the following expression : — 

^X273x(>g- /) 

(273 + /) 760 

As the weight of i c.c. of nitrogen at and 760 mm is 0*00126 
gram, the percentage weight of nitrogen will be given by the 
expression 

' c / X 27 SX ( B ~ f ) ^ 0*00126 X TOO 

(273 + /) 760 w ’ 


where ct' is the weight of substance taken. 

Example. — 0*206 gram of acetanilide gave i8*8 c.c. of moist 
N at if and 756 mm. [/at 17''== 14*5 mm.] 


1 8*8 X 273 X (756 - 14*5) X 0-T26 ^ 
(273 H-i 7) X 760 X o‘2o6 


10*56 per cent. 


Calculated for CgHgON ; N = 10*37 per cent. 


Instead of collecting the gas over dilute potash solution, it is often 
customary to use a very strong solution consisting of equal weights of 
potash and water. The vapour tension is practically 7iiL Or, "again, 
the nitrogen may be transferred to a graduated tube standing over 
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water, which gives a result free from any error arising from incorrect 
vapour tension. The manner of transferring the gas is shown in 
Fig. 1 6. The stem of a wide funnel is cut off and attached by rubber 
to the top' of the azotometer. This is then filled with water and the 
projecting end of the azotometer is also filled with water. A graduated 
tube is now brought over the end, and by opening the tap and raising 




the reservoir the gas passes into the tube. The end is now closed with 
the thumb and transferred to a cylinder of water. 

The tul)e is held by a collar of paper, whilst the level is adjusted 
and the volume aiul temperature noted. 

Before commencing a second determination, the contents of 
the combustion tube are emptied on to the wire-gauze sieve, 
placed over one of the tin dishes, and the fine and coarse oxide 
separated. Both oxides are roasted in order to reoxidise any 
reduced copper, and transfeiTed as before to their respective 
flasks. The sodium bicarbonate tube is emptied into, a special 

c 2 
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bottle and then replenished with fresh material. Fresh caustic 
potash solution is also introduced into the azotometer, unless 
the stronger solution is used. 

Estimation of Nitrogen^ Second AletJiod . — Another method 
which dispenses with the small furnace and bicarbonate tube 
may also be used. The long combustion tube is closed at one 
end and magnesite in small lumps is introduced into the tube 
and shaken down to the closed end until there is a layer of 
about 13—15 cm. (5—6 in.). This is kept in place by a plug of 
asbestos and the tube is filled S'uccessively with 5 cm. (2 in.) of 
coarse copper oxide, then fine copper oxide mixed with the sub- 
stance, a further layer of coarse copper oxide, and finally the 
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copper spiral. The contents of the tube are arranged as shown 
in Fig. 17. 

The magnesite (MgCOg), which evolves carbon dioxide on 
heating, takes the place of the sodium bicarbonate in the 
previous method. The air is displaced at the beginning by 
heating the magnesite near the closed end of the tube. The 
magnesite is again heated towards the end of the combustion to 
sweep out the last traces of nitrogen. The disadvantages of 
the method are that the magnesite requires to be heated much 
more strongly than the sodium bicarbonate before it evolves 
carbon dioxide, and the length of the layer of copper oxide is 
curtailed. 

Kjeldahl’s Method. — The organic compound is heated 
strongly with sulphuric acid, which oxidises the organic matter 
and converts the nitrogen into ammonium sulphate. The 
ammonia is then estimated volumetrically by distilling with 
caustic soda and collecting the gas in standard acid. About 
0*5 gram of substance is accurately weighed and introduced into 
a round Jena flask (500 c.c.), together with 15 c.c. of pure con- 
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centrated sulphuric acid and about lo grams of anhydrous 
potassium sulphate. The object of the latter is to promote 
oxidation by raising the boiling-point of the liquid. The flask is 
clamped over wire-gauze and the contents boiled briskly until 
the liquid, which first darkens in colour, becomes clear and 
colourless or faintly yellow. When the decomposition is com- 
plete (-J — I hour), the flask is left to cool and the contents then 
dilated with 2—3 volumes of water. The flask is now attached 
to the distilling apparatus shown in Fig. 18. It is furnished 
with a double-bored rubber cork, through one hole of which a 
bulb adapter is inserted (to re- 
tain any alkali which may spirt 
upwards), the latter being con- 
nected with a condenser. The 
end of the condenser just dips 
below the surface of 25 c.c. of 
a half-normal solution of hydro- 
chloric or sulphuric acid, con- 
tained in a flask or beaker. A 
tap-funnel with a bent leg, con- 
taining about 30 grams of 
caustic soda in 60 c.c. of water, 
is inserted through the second 
hole in the cork. A few pieces 
of porous earthenware or granu- 
lated zinc are introduced into 
the flask to prevent bumping. 

After the apparatus has been 
fitted together the caustic soda 
solution is run in slowly and 
the flask shaken. The liquid is then boiled briskly until 
no more ammonia is evolved (-I — | hour). This should 
be ascertained by testing a drop of the distillate with red 
litmus paper. If the operation is complete, the liquid is 
titrated with half-normal sodium carbonate solution, using 
methyl orange as indicator. 

Example, — 0*5151 gram acetanilide reciuired 17*3 c.c. W/e 
sodium carbonate ; — 



7*7 X 0*007 X IQO 


10*46 per cent. 




25-17*3 = 77. 
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The Halogens [Ca^'ius), — The method of Carius, which is 
usually employedj consists in oxidising the substance with fuming 
nitric acid under pressure in presence of silver nitrate. The 
silver halide which is formed is then separated by filtration and 
weighed. 

The following apparatus is required : — 

I. A piece of ihick-waUed soft tubing about 45 — 48 cm. 

18—19 in.) long, and 12 — 13 mm. inside diameter, the walls 
being at least 2*5—3 mm. thick. Tubes of hard potash glass are 
also used, in which case the thickness of the walls may be rather 
less. The tube is carefully sealed at one end so that there 
is no thickening of the glass at any point into a blob. If a 
blob is formed, it may be removed by heating it and blowing 



Fig, ig. 


gently into the tube and repeating the operation if necessary. 
Tubes of soft or hard glass may be bought ready sealed at 
one end. The tube is. washed out and dried before use. 

2. A narrow weighing-tube^ 8 — 10 C7n. (3—4 in.) long and 
sealed at one end, which will slip easily into the thick-walled 
tube. 

3. Pure fuming nitric acid of sp. gr. 1*5.— This is prepared 

by distilling equal volumes of concentrated nitric acid (150 c.c.), . 

and concentrated sulphuric acid (150 c.c.) from a litre retort, the 
neck of which has been bent in the blow-pipe flame as in Fig. 19. 
The object of this bend is to prevent acid from spirting into the 
neck and being carried over mechanically into the receiver 
during distillation. The retort is placed on a sand-bath, and 
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attached to a condenser. The acids are poured in through 
funnel, and a few small bits of broken unglazed pot are 
ropped in to prevent bumping. The acid is distilled with a 
moderate flame until about 70 c.c. have collected in the 
receiver, when the operation is stopped. The distillate is then 
tested for halogens by diluting largely with distilled water, and 
adding silver nitrate solution. The liquid should remain per- 
fectly clear. It should also be tested for the presence of sul- 
phuric acid, in case it is required for sulphur estimations, by 



Fig. 20. 


adding a few drops of barium chloride to a fresh portion of acid 
diluted as £ibove. If pure, it is kept in a stoppered bottle. If it 
contains chlorine, it must be redistilled over a few crystals of 
silver nitrate. Fuming nitric acid has a sp. gr. of about 1*5 at 
15'", boils at about 90^, and contains about 90 per cent, of 
HNO3. Acid of this strength can be purchased. 

4. A Tube Fiirnacc.—V Tixions forms of furnace are used. 
Those which are heated on the principle of the Lothar Meyer 
hot-air furnace by a number of pin-hole gas jets are easily 
regulated, and can be raised to a high temperature. The 
Gattermann furnace, shown in the diagram (Fig. 20), is a very 
convenient form. 
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Filling and Sealing the Tube.— By means of a thistle 
funnel n-ith a long stem, about 5 c.c. of fuming nitric acid are first 
introduced, and the funnel carefully withdrawn so as 
not to wet the side of the tube. About o'5 gram silver 
nitrate in crystals is dropped in, and finally the narrow 
weighing-tube containing 0*2— 0-3 gram of substance 
is slipped to the bottom of the tube (see Fig-. 21). 
Bromacetanilide (see Prep. 55, p. 152) may be used 
for this estimation. The open end of the tube is now 
sealed in the blow-pipe. This operation requires 
some care and a little skill. About two inches of the 
tube at the open end is very gradually heated by re- 
volving it for several minutes in the smoky flame of 
the blow-pipe. The tube is now grasped about the 
middle with the left hand, and inclined at an angle of 
about 45®. The blast is turned on slowly, and the end 
of the tube heated and revolved until the glass begins to soften 
The end of a glass rod, about 13 cm. (5 in.) long, held in the 
right hand, is heated at the same time. The glass rod is then 


i 



used to press the edges of the glass tube together, as sitown i, 

softo^h^r/ 1 operation depends upon wl,ethc 

ft or hard glass is to be manipulated. If soft glass is used 
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the blow-pipe flame is made as hot as possible, but reduced 
in length to about 8 to 10 cm. (3 to 4 in.). It is directed at a 
point about 2 to 3 cm. (i in.) below the open end to which 
the glass rod is attached, the glass rod now serving as a support 
whilst the tube is slowly rotated. The glass, if evenly heated 
and not drawn out, begins to thicken where the flame plays upon 
it, and the inside diameter of the tube contracts. When the 
apparent inside diameter of the tube is reduced to about 3 mm. 
(i in.), the tube is quickly removed from the flame, and a 
capillary end formed by very slowly drawing out the thickened 
part of the tube (Fig. 24). When the capillary has so far cooled 
as to become rigid, it is sealed off. The tube will now have the 



appearance shown in Fig. 25. The tube is kept in a vertical 
position until cold. If the tube is of hard glass, a somewhat 
different method of sealing is employed. As soon as the glass 
is sufficiently soft, it is not thickened, but drawn out at once into 
a wide capillary, about cm. long. By directing the flame 
below this constriction, and continuing to draw out, the capillary 
is further lengthened. When it has a length of 2 to 3 cm. 
(i in.) it is thickened by revolving it in the flame and then 
sealed off. Hard glass is much more easily manipulated in the 
oxy-coal gas flame. When cold, the tube is transferred to the 
metal cylinder of the tube furnace. The furnace, conveniently 
isolated in case of explosions, should stand on the floor, with 
the open end raised and facing a wall. The capillary point 
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should project a little beyond the open end of the metal cylinder 
in which the sealed tube is enclosed. The temperature, indicated 
by a thermometer fixed in the top of the furnace, is carefully 
regulated. It is advisable to commence the operation in the 
morning. The temperature is gradually raised from 1 50^ to 300 °' 
during four hours, and then to 230° for a further four hours. The 
gas is then extinguished, and the tube allowed to cool until the 
following morning. 

Opening the Sealed Tube, — The tube is drawn a little 
way out of the iron casing, so that the capillary end projects 
3 or 4 cm. The tip is then warmed cautiously in the Bunsen 
flame to expel the liquid which as a rule condenses there. The 
point is then heated until the glass softens, when the pressure 
inside perforates the glass and nitrous fumes are evolved. O/i 710 
account must the tube be removed from the furnace before this 
operatioii is concluded. The tube is now taken away and 
opened. A deep file scratch is made in the wide part of the 
tube, about 3 cm. below the capillary. The end of a gTass 
rod, heated to redness, is then held against the file mark. A 
crack is produced, which may be prolonged round the tube 
by touching the tube in front of the crack with the hot end 
of the glass rod. The top of the tube is now easily removed ; 
but in order to prevent fragments of glass from the broken 
edge from dropping into the acid, the tube should be Held 
horizontally and the end carefully broken olf. Any bits of 
glass which become detached adhere to the side of the tube, 
near the open end, and can be easily wiped off. The contents 
of the tube containing the silver halide are now carefully 
diluted by adding water a few c.c. at a time, and then washed 
into a beaker. The mixture is heated to boiling, the silver 
compound transferred to a filter, and washed with hot water 
until free from silver nitrate. The filter paper is then dried 
in a steam oven and the silver salt weighed. A simpler and 
more accurate method for filtering and weighing the silver 
halide is to use a perforated or Gooch crucible. A disc of 
filter paper is cut with a cork cutter of suitable dimensions 
to fit the bottom of the crucible, which is dried with the crucible 
in a Victor Meyer air-bath (Fig. 26) heated to 140—150° until 
constant. The air-bath consists of a jacketed copper vessel 
fixed upon a tripod. A liquid of constant boiling-point is poured 
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into the Ollier jaeket and the vapours are condensed by an 
iij)rii^]it condenser or tu1)e which is attached to the outlet tube. 
The crucible is jjlaced within and 
covered with a metal lid. There is a 
Kinall aperture to admit air from below 
into the inner vessel and a correspondinj^ 
outU't in the lid. Aniline, b.p. 182'', 
may be used in the outer jacket in the 
present case. 'I'lie (looch crucible is 
weiithed and (itted to a lilter flask and 
the silver halide lillenal and washed at 
tlie pump. M'hc crucil)le is ‘then heated 
in the air-bath until the weight is con- 
stant (I hour) and weighed. 'I'lie re- 
sult is calculated in })ercentage of 
halogen. 

h'.XiUnplc. IJromacetanilide gave the 

following result : 

O' 1 5 1 grain gave o* 1 34 gram Aglh*. 

’’■‘34x8ox..«_^ percent. 

1 88 X O' 1 5 1 

Calculated for CsMvHrNO ; Br™ 37*38 



{)er <'ent. 

Another Method (Piria and Schift').— There are some 
substances which are incompletely decomposed with fuming 
nitric a,cid under the conditions described above, and the results 
live consequently too low. In such cases the following method 
may be cmidoytuL 'I’lie substance is weighed into a very small 
platinum crucible, which is then filled up with a mixture of 
anhydrous sodium (:a.rl)onate (i part) and pure powdered quick- 
lime (4 to 5 ])arts). 'Idle crucible is then inverted in a larger 
crudlilc, the space lietween the two being filled with the same 
mixture of sodium carbonate and lime. The large crucible is 
now heated, first with a small lilow-pipe flame, and then 
more strongly until the mass is red hot. The contents are then 
allowed to cool, and dissolved in a large excess of dilute nitric 
acid The substance must l^c added slowly and the acid kept 
cool. 'Fhe halogen is then ])rccipitated with silver nitrate and 
estimated in the usual way. 
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Sulphur (Carius). — The process is essentially the same as 
that described under the estimation of halogens (p. 22). The 
compound is oxidised in a sealed tube with fuming nitric acid, 
but without the addition of silver nitrate. The resulting sul- 
phuric acid is then precipitated and weighed as barium sulphate. 
The same quantities of acid and substance (diphenylthiourea 
may be used ; see Prep. 61, p. 159) are taken, and the process of 
sealing up and heating, <S:c., are carried out in precisely the- 
same way as for the halogens. The contents of the tube, after 
heating, are cautiously diluted with water and then washed out 
into a beaker, and filtered, if necessary, from fragments of glass. 
The filter paper is then well washed with hot water and the 
filtrate diluted to at least 250 c.c. with water. The liquid is 
heated to boiling, and a few c.c. of barium chloride solution 
added. On continued heating over a small flame the liquid 
clears and the grecipitate subsides. The addition of another 
drop of barium chloride will determine if the precipitation is 
complete. The liquid is then filtered through an ordinary 
funnel, the precipitate of barium sulphate washed with hot 
water, dried and weighed in the usual way. 

Example , — Diphenylthiourea gave the following result : — 


0*2518 gram gave 0*2638 gram BaS04. 


0*2638 X 32 X 100 
233 X 0*2518 

Calculated for C13H12N3S ; S 


= 14*39 cent. 
= 14*05. 


Determination of Molecular Weight 

According to Avogadro’s law, equal volumes of all gases 
under similar conditions contain the same number of molecules. 
Consequently the weights of equal volumes or the densities of 
gas'es will represent the ratio of their molecular weights. If the 
densities are compared with hydrogen as the- unit, the ratio 


in which and W]^_ are the weights of equal volumes of 
substance anfi hydrogen respectively, will give the molecular 
weight of the substance compared with the molecule or two 
atoms of hydrogen or half the molecular weight compared with 
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one atom of hydrogen. Conseqi^ntly^ the observed density 
must be multiplied by two in ord^s^’ olgam- ^e moler .n4p:s^ 
weight compared with one atom of hydi^e;!. -'V Q ALO?^ 

Vapour Density Method (Victor*" M^eyer).— This 
method, which is generally employed for substances which 
volatilise without decom- 
position, is known as the 
ab' displaccmc 7 it method 
of Victor Meyer. It con- 
sists in rapidly vaporising 
a known weight of a sub- 
stance at a constant tem- 
perature at least 40 — 50"^ 
above its boiling-point in 
a special form of appar- 
atus, which admits of the 
displaced air being col- 
lected and measured. The 
volume occupied by a 
given weight of the sub- 
stance under known con- 
ditions is thus ascertained 
and from these data the 
density is calculated. The 
following apparatus is re- 
quired : — 

I. A Viet 07 ' Meyer Ap- 
paratus as shown in 
Fig. 27. It consists of 
an elongated glass bulb 
with a narrow stem, and 
a capillary side-tube. It 
is provided with a well- 
fitting rubber cork, which 
can be pressed easily and 
tightly into the open end 

of the stem. The apparatus is clamped within an outer 
jacket of tin plate or copper, which holds the boiling liquid 
required to produce a constant temperature. It is representec]^ 
as transparent in the Fig. ' ^ J . ■ 



570 
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2. Hofmami Bottles.— The substance, illiquid, is introduced 
into a small stoppered glass bottle known as a Hofmann bottle 
■'see Fig. 28). The dry bottle with the stopper is carefull)^ 
weighed and then filled with liciuid through a tube 
S drawn out into a wide capillary. The stopper is in- 
® serted and the bottle reweighed. It should hold about 


0*1 gram of substance. 

3. A? 7iarrow gt'aduatcd tube holding 50 c.c. and 
divided into tenths of a c.c. 

4. A large crystallising dish which serv'es as a gas 


Fig. 2S. trough. 

5, A long a 7 id wide cylmder in which the graduated 
tube can be submerged in water. 

6 . A Btmsen burner with chiirmey. 

The apparatus is set up as shown in Fig. 27. The Victor 
Meyer apparatus is thoroughly dried by blowing air through by 
means of a long glass tube, which reaches to the bottom of the 
bulb. A small quantity of clean dry sand previously heated in 
a crucible or a pad of asbestos is placed at the bottom of the 
bulb to break the fall of the Hofmann bottle, when it is dropped 
in. The bulb of the outer jacket is filled two-thirds full of 
water and the displacement apparatus is clamped within it, .so 
that it nearly touches the liquid. The apparatus and jacket 
must be adjusted at such a height that the capillary side limb 
dips under the water contained in the crystallising dish, placed 
on the bench. The graduated tube is filled with water and 
inverted under the water in the crystallising disli and cla.m})ed 
there until required. The burner protected from draughts by 
the chimney is lighted under the outer jacket and the dis))hu:e- 
ment apparatus left open at the top. To avoid inconvenience 
arising from the steam, a split cork, into which a bent glass tu])e 
is inserted, is pushed loosely into the open end of the jacket. 

Whilst the water is boiling steadily and not too violently, the 
substance is weighed. Chloroform, b.p. 61°, or pure and dry 
ether, b.p. 34*5° (see Prep. 3, p. 59), may be used for the 
experiment, as their boiling-points lie well below that of water. 
Before introducing the bottle and liquid, the apparatus must 
be tested to ascertain if the temperature is constant. As 
a rule ^ hour’s boiling suffices. Push in the rubber cork and 
note if within the next minute or two any bubbles escape. If 
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not, slip the graduated tube over the end of the side tube, and 
carefully remove the rubber cork so that no water enters the 
stem through the capillary. Remove the stopper of the 
Hofmann bottle before dropping it in, and at once push in the 
cork. Very shortly a stream of air bubbles will ascend the 
graduated tube. When, in the course of a minute or two, the 
bubbles cease, remove the cork from the apparatus and extin- 
guish the burner. The graduated tube is transferred to the 
large cylinder of water by closing the open end with the thumb. 
Leave the tube in the water with a thermometer beside it 
for J hour. Lift the graduated tube, and whilst holding it 
by a collar of paper adjust the levels inside and out. Read off 
the volume and note the temperature and barometric pressure. 

The density is calculated as follows : — 

If V is the volume, t the temperature, B the barometric 
pressure, and f the vapour tension of water at then the 
corrected volume is given by the formula 

V X X 273 

760 X (273+/) 

This multiplied by 0*00009, weight of i c.c. of hydrogen, 
gives the weight of hydrogen occupying the same volume as 

the vaporised substance, from which the density is 

obtained. 

Exa 7 nple . — The following result was obtained with ether : 
0*1146 gram of ether gave 36*3 c.c. at 11° and 752 mm. /= 10 
mm. at 11°. 


36* 3 X (752 - to) X 273 X 0*00009 
760 X 284 

°li_46 = 37.4 

0*00306 


= 0*00306. 


Calculated for C^HjqO ; A = 37. 


If substances of higher boiling-point have to be vaporised, 
the water in the outer jacket is replaced by other liquids of 
correspondingly higher boiling-point, such as xylene, b.p. 140°, 
aniline, b.p. 182°, ethyl benzoate, b.p. 211°, amyl benzoate, b.p. 
260”, diphenylamine, b.p. 310”, &c. A Lothar Meyer air-bath 
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(Fig. 29) is, however, much more convenient for obtaining con- 
stant temperatures up to 600"". It consists of three concentric 
metal cylinders, the outer one being coated with non-conducting- 
material. They are so arranged that the heated air from a 

movable ring burner passes be- 
tween the two outer cylinders 
(shown in section in the Fig.), 
and descends to the bottom of 
the central cylinder, into which 
it has access through a ring 
of circular holes. The hot air 
is thoroughly mixed by this zig- 
zag flow, and the temperature 
is equalised. The bulb of 
the displacement apparatus is 
clamped in the interior cylinder, 
and a thermometer is fixed be- 
side it. 

The vapour density of freshly 
distilled aniline, b.p. 182'^, may 
Fig. 29. be determined, the temperature 

of the air-bath being adjusted 
to about 240°. The adjustment is made by raising or lowering 
the flame, or by altering the position of the movable ring- 
burner. 

Example. — o‘i229 of aniline gave 31 c.c. at 7’5° and 750 mm. 

A = 45-87. 

Calculated for CgH^N ; A = 46*5 

The Cryoscopic or Freezing-point Method (Raoult). 
— This method depends upon the fact, first demonstrated by 
Raoult, and afterwards confirmed on theoretical gn-ounds by 
van’t Hoff, that the original freezing-point of a given quantity 
of liquid is lowered the same number of degrees by dissolving 
in it different substances whose weights are proportional to 
their molecular weights. This rule does not, however, apply to 
salts, acids, &c., which appear to dissociate in certain solvents, 
nor to substances which form molecular aggregates or associate 
in solution. Supposing the freezing-point of 100 grams of a 
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solvent to be lowered by dissolving i, 2, 3 and 4 grams 
respectively, of four different substances, the molecular weights 
of these substances will be in the ratio of i : 2 : 3 : 4. In ordet 
to convert these ratios into true molecular weights, the numbers 
must be multiplied by a coefficient which depends upon the 
nature of the particular solvent selected, and may be deter- 
mined empirically by means of substances of known molecular 
weight or by calculation from thermodynamical data 3 

If w is the weight of substance and IV the weight of solvent, 
d the depression of the freezing-point, and k the coefficient for 
the solvent determined for the standard conditions, z>., for the 
weight of substance, which produces 1° depression in 100 grams 
of solvent, the molecular weight M is given by the following 
expression : — 

/j/= 

dW 

The values of k for some of the common solvents with their 
melting-points are given in the following table : — 



m.p. 

k. 

Water... ... 

o'" 

18-5 

Nitrobenzene ... ... ... , 

5*3 

70*0 

Benzene 

5*4 

50*0 

Acetic acid 

1 ^7 

39*0 

Phenol... ... 

i 40 

72*0 

/-Toluidine 

! 42*5 

51*0 


It should be remembered that nitrobenzene, phenol, and acetic: acid 
are hygroscopic. 

The following apparatus is required 

A Beckmann Freezing-point Apparatus . — The form of appar- 
atus is shown in the accompanying I'ig. 30. It consists of a 
glass jar standing on a metal tray and furnished with a stirrer. 
The cover of the Jar has a wide slit to admit the stirrer, and a 
circular aperture with clips to hold a wide test-tube. 

Within the wide test-tube is a narrower one, which is held in 
position by a cork. The narrow test-tube is sometimes 


1 Videvzvtt Hoff, Ztsckr. phys. Chcm.^ i. p. 481 ; Ostwald, Outlines 0/ General 
Chemisiryj chap. vi. p. 139 ; J. Walker, Introduction to Physical Chemistry^ chap, 
xviii. p. i76. 

, COHEN’S ABV. P. O. C. D 
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furnished with a side tube, for introducing the substance, but it is 
not necessary. It is provided with a stirrer. A Beckmann 
thermometer completes the apparatus. This is fixed through a 

cork so that the bulb 
nearly touches the bottom 
of the tube, a wide slit 
being cut in the side of 
the cork for moving the 
stirrer. The Beckmann 
thermometer is of special 
construction and requires 
explanation. As the 
method involves merely 
an accurate determination 
of small differences of 
temperature, it is not re- 
quisite to know the exact 
position on the thermo- 
meter scale. The Beck- 
mann thermometer regis- 
ters 6 degrees, which are 
divided into hundredths. 
The little glass reservoir 
at the top (<^, Fig. 30) 
serves the purpose of 
adjusting the mercury 
column to different parts 
of the thermometer scale 
by adding or removing 
mercury from the bulb. 

Freezing-point De- 
termination. — In the 
example to be described, 
pure benzene (see p. 136) 
is used as the solvent 
Carefully dry the inner tube. Fit it with a cork and weigh it 
together with the cork suspended by a wire to the arm of the 
balance. Introduce sufficient benzene to cover the bulb of the 
Beckmann thermometer when it is pushed nearly to the bottom 
of the tube. About 10 c.c. will be found to be sufficient. Insert 
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the cork and weigh the tube and benzene. Fill up the outer jar 
with water and small lumps of ice and stir from time to time. 
Whilst the benzene is cooling in the apparatus the Beckmann 
thermometer may be adjusted. 

Adjustment of the Beckmann Thermometer.— 
Determine first the value of the mercury thread in degrees 
between the top of the scale and the orifice of the reservoir. 
This may be done by warming the bulb in a water-bath along 
with an ordinary thermometer. As soon as sufficient mercury 
has collected at the orifice, the burner is removed, the water 
well stirred, and the little bead of mercury detached by gently 
tapping the head of the thermometer without removing the bulb 
from the water. The temperature on the ordinary thermometer 
is noted and is again read off when the mercury in the Beck- 
mann thermometer has subsided to the top of the scale. Sup- 
posing, then, the value of the thread above the scale to have 
iDcen determined and equivalent to 2'^, and the freezing-point of 
benzene to be about 4°, the thermometer degrees may in this case 
be made to coincide with the Beckmann degrees, which will bring 
the thread of mercury well up the scale. The bulb of the thermo- 
meter will therefore require to be at a temperature of 6-f 2 = 8° 
before removing the excess of mercury. It will, however, be 
necessary to introduce more mercury into the bulb. This is 
done by inverting the thermometer and tapping it gently on the 
palm of the hand, so as to detach a bead of mercury, which 
slips down to the orifice of the capillary. By warming the bulb 
the mercury is driv^en to the top and coalesces with that in the 
reservoir, so that on cooling the additional mercury runs into 
the bulb. When sufficient mercury has been added the thermo- 
meter is cooled to 8°, and the excess detached as described above 
The zero should now coincide approximately with that of ice- 
cold water. If the thermometer is to be adjusted to any other 
temperature it is placed in water and warmed to that tempera- 
ture + the number of degrees on the scale above that point 
d- the value of the thread above the scale. The excess . of 
mercury is then detached. The thermometer being adjusted, 
insert it through the cork so that the bulb is well covered by the 
benzene, and let the benzene cool well below its freezing-point 
before stirring. Tap the head of the thermometer occa- 
sionally with a pencil. Now stir briskly for a moment As soon 

D 3 
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as crystals of the solvent begin to separate the mercury thread 
will shoot up. Keep stirring occasionally and tapping the 
thermometer, and read off the maximum point reached by means 
of a lens. This gives a rough indication of the freezing-point 
of the benzene. Take out the inner tube and melt the crystals 
by warming the tube in the hand, and replace it in the apparatus. 
Repeat the experiment, cooling the solvent not more than o’2® 
below its freezing-point before stirring. Make two or three 
determinations m this way. The results should not differ by 
more than o'or. Fuse some naphthalene in a basin and break 
it up into small lumps or mould into pellets (p. 39). Weigh a 
piece of about o*i to 0*2 gram on a watch-glass. Raise the cork 
of the inner tube and drop the naphthalene in. Let it dissolve 
and then determine the freezing-point of the benzene as before. 
Repeat the process by dropping one or two fresh pieces of 
naphthalene into the same solvent. At the end of the operation 
remove the thermometer and stirrer, and weigh the benzene in 
the inner tube with the cork. After deducting the weight of 
naphthalene, the weight of the benzene will be appro.ximately 
the mean of the first and final weighings. 

Example , — Using the same solvent and adding successively 
three lots of substance (naphthalene), the following results were 
obtained 



7 U. 

W. 

a. 

I 

0-0985 

97 

0-403 

2 

0-0729 

,, 

0-305 

3 

0-II93 


0-486 


Mean, 

|i2S-5 


Calculated for CioHj5 ; M= 128. 


In determining the molecular weight of liquids the apparatus 
shown in Fig. 82 (p. 210) is convenient for weighing and trans- 
ferring the liquid to the tube. 

The Bykman Depressimeter.— For rapid but less 
accurate determinations the apparatus of Eykman may be used, 
which is shown in Fig. 31. It consists of a small vessel, into 
the neck of which a thermometer is ground. The thermometer 
is of the Beckmann type but divided into twentieths of degrees. 
Phenol, m.p. 42'5°5 is usually employed as the solvent. The 
vessel and thermometer are dried and weighed. Phenol melted 
on the water-bath is poured in to within about 5 c.c. of the neck, 
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the thermometer inserted, and the apparatus weighed again. 
The melting-point of the phenol must now be ascertained. 
Warm the metal over a small flame on a sand-bath so as to 
melt the phenol, leaving, however, a few crystals floating in the 
liquid, and place the vessel in the cylinder, at the bottom of 
which is a wire spring or pad of cotton wool. A perforated 
cork at the top keeps the stem of the thermometer in position. 
Let the phenol cool down well below its freezing-point, and 
then shake the cylinder until solidification commences. This 
will give a first approximation to the freezing- 
point. The phenol is now warmed gently as before 
until only a few crystals remain unmelted. The 
vessel is replaced in the cylinder and the liquid 
cooled 0*5“ to 1° below the point previously ascer- 
tained. It is now shaken until crystallisation sets 
in, and then occasionally until the maximum point 
is reached. The operation is repeated as often 
as requisite. The substance is now introduced, a 
sufficient quantity being taken to produce a depres- 
sion of at least 0*5° In order to effect this the 
phenol is melted and the neck warmed with a 
small flame until the thermometer is loosened and 
can be withdrawn. As much phenol as possible 
is allowed to drain off the neck and off the ther- 
mometer, and the weighed quantity of substance 
introduced. The thermometer is replaced, and any phenol which 
may have run out is wiped off from the outside of the vessel, which 
is then re-weighed. The freezing-point is determined as before. 

The Ebullioscopic or Boiling-point Method 
(Raoult). — The boiling-point of a liquid is found to be affected 
by the presence of a dissolved substance in a similar manner 
to the freezing-point, that is, the boiling-point of a given quantity 
of a liquid is raised the same number of degrees by dissolving in 
it the same number of molecules of different substances, or, in 
other words, such weights of these substances as represent the 
ratio of their molecular weights. These facts were first clearly 
demonstrated by Raoult. 

Statical Method. — The most convenient form of apparatus 
for determining molecular weight by this method is Beckmanff s 
boiling-point apparatus shown in Fig. 32. 



Fig. 31. 
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of 

It consists of a boiling-tube, through the botton* -t 

stout platinum wire is sealed, which is intended 

external 
liquid an cl 
bles at 
Above the 
layer, abc>c.i 
deep, of 

The the 

beads is to 
thebubblo^^ pre- 

vent supe^'laoatn-^^. 
irregular To 

the side ^ I'eflux 

condenser ‘^^^Itiched 

to condeO^^ 
pours giveia off cf taring 
the boiling'- ^ Beck- 
mann thcro^<^>nieter is 
inserted 

mouth of^ tube. 

This thero^ometer is 
similar in 

to that usoc;! for freez- 
ing-point tleterjuina- 
tions, but it Tias a 
smaller l:>rilb. The 
boiling'-tul:>c" is placed 
in the cc*iatral cavity 
of a hollow gla.ss or 
porcelain jtxcket, which 
contains the same 
liquid as tlie boiling- 
tube and Is also pro- 
vided witlr it condenser. 
This jaclcot prevents 
radiation f* rom tbe boil- 
ing-tube. It is pro- 

vided with two windows of mica. The jacket is c:li,inipecl on a 
gauze ring supported on a square tray of asbestos j;>liiced lapon a 


Fig. 32. 
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tripod. In the figure the lower part of the porcelain jacket and 
the asbestos tray are made transparent to show the position of 
the burners and the concentric rings of asbestos below the tray. 
The asbestos has a circular hole in the centre, which admits 
the lower end of the boiling-tube. Two asbestos chimneys 
are fixed upright at the diagonal corners of the tray to carry 
off heated air and two burners are placed below the other two 
corners. The boiling-point of the solvent is first ascertained. 
For this purpose benzene may be used. The Beckmann 
thermometer must be adjusted so that, when in the boiling liquid, 
the thread occupies the lower half of the scale. In order to 
adjust it, the iDiilb must be placed in water warmed gradually 
6 ° — 7'^ above the boiling-point of benzene, and the bead then 
detached as already explained in the description of the freezing- 
point method. 

The boiling-tulDe is carefully dried and weighed with the 
beads. Sufficient benzene is poured in to cover the bulb of the 
thermometer, which is pushed down a little way into the beads. 
The condenser is attached to the side limb. A layer of i — 2 cm. 
of benzene is poured into the outer jacket, and the condenser 
fixed in position. The same water supply may be made to 
traverse both condensers. The two burners under the tray are 
lighted and the temperature regulated so that the benzene in the 
outer jacket boils briskly, whilst at the same time sufficient heat 
finds its way to the boiling- tube, through the gauze ring outside 
the concentric screens of asbestos below the tray, to keep the 
benzene in the state of steady ebullition. In about hour from 
the time the benzene boils in the inner tube the first reading may 
be made, and a fresh reading every five minutes until the 
temperature is constant, z>., does not vary more than o*oi°. As 
the atmospheric pressure may produce considerable variations in 
the reading, it is important to observe the barometer occasionally 
during the experiment, and to make a correction, which is about 
0*043'" every i mm. below 760. 

The temperature being constant, a pellet (o*i— 0*2 gram) of 
fused naphthalene is carefully weighed and dropped into the boil- 
ing-tube tlirough the condenser without interrupting the boiling. 
These pellets are conveniently made in a small bullet-mould. 

The boiling-point will rise and after a few minutes will remain 
stationary. The temperature is noted. A second and third 
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determination may be made by introducing fresh pellets of 
naphthalene. 

When the observations are complete, the apparatus is 
allowed to cool and the weight of benzene ascertained by 
weighing the boiling-tube and benzene. 

As in the freezing-point method, the molecular weight is 
calculated from the weight of substance required to raise the 
boiling-point of loo grams of solvent i°, and the result multiplied 
by a coefficient which depends upon the nature of the solvent. 
The following is a list of solvents commonly employed and 
their coefficients and boiling-points : — ^ 


Ether 

b.p. 

k. 

21*1 

Ethyl alcohol 

bp. 

78“ 

k. 

II-5 

Acetone ... 


lyi 

Benzene ... 

if 

26*1 

Chloroform 

61° 

36-6 

Water 

100° 

5*2 

Methyl alcohol . , . 

66“ i 

88 

Acetic acid 

118“ 

25 '3 

Ethyl acetate 

If 

26-8 

Aniline 

184“ 

32 '2 


The molecular weight is determined from the formula 
M = 

dlV 

in which w is the weight of substance, W that of the solvent, 
d the rise of boiling-point, and k the coefficient. 

Exaiiiple . — Using the same solvent and adding successively 
four pellets of naphthalene, the following results were 
obtained : — 

W. d M. Mea 7 i. 


I 

0 1866 

21-313 

0 185 

126*6 ] 

2 

0-1893 

>> 

0*185 

128 3 1 

3 

o-i86o 

3 5 

0-185 

126-0 1 

4 1 

OI9OI 

33 

0*180 

132-4 j 


Calculated for CiqHj, ; M = 1 28. 


A simpler and more convenient form of Beckmann apparatus, 
requiring much less solvent and giving equally accurate results, 
is shown in Fig. 33. It consists of a boiling-tube furnished with 
two side pieces, one of which is stoppered and serves to 
introduce the substance and the other acts as a condenser. The 
boiling-tube stands on an asbestos pad and is surrounded by 
two short concentric glass cylinders surmounted by a mica plate. 
The other parts of the apparatus are similar to those in the older 
form and the process is conducted in the same way. 
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I 

1 0*2072 

874 

0483 

1311 ) 

2 

1 0*2072 

874 

0-485 

127-6 j 


Example — Ten c.c. of benzene were used and two pellets of 
naphthalene were added. 

iv. d. M. Mea7t. 

129*3 

Dynamical Method.- A third, somewhat different and 
less accurate, method for determining the boiling-point is one 
devised by Sakurai and 
modified by Lands- 
berger and later by 
Walker and Lumsden. 

The apparatus of 
Walker and Lumsden 
is shown in Fig. 34, 
and consists of three 
vessels, a boiling flask, 

A, a tube, B, graduated, 
in c.c. and an outer 
jacket of glass, c. The 
boiling flask is pro- 
vided with a safety 
tube, D, and a bent 
tube, E, which is con- 
nected with another 
bent tube, F, passing 
through a cork to the 
bottom of the gradu- 
ated tube, B. A ther- 
mometer graduated in 
tenths is inserted 
through a second hole 

in the same cork. There is a small hole at G in the graduated 
tube below the cork through which the vapour of the boiling liquid 
escapes into the outside jacket, and is condensed by a condenser 
not shown in the diagram. The outer jacket, c, is attached by a 
cork surrounding B. A small quantity of solvent (5 — 10 c.c.) is in- 
troduced into the tube B and a larger quantity of the same solvent 
into the boiling flask, A. The vapour from A passes into B and 
raises it to the boiling-point, which is read off. The excess 
of liquid which has condensed is poured out. The weighed . 
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substance is introduced and the boiling continued. When 
a steady temperature is reached, the new boiling-point is 
determined 5 the tube is immediately disconnected fi om the 
flask, the flame removed, and the volume of the solvent is 
read off as accurately as possible. By repeating the piocess, 

several determina- 
tions may be car- 
ried out with the 
same solvent and 
the same material. 
The weighing of 
fresh solvent for 
each estimation of 
new portions of 
substance is also 
avoided. The main 
precautions to be 
taken are (i) to 
ensure steady boil- 
ing in the flask, a, 
by introducing frag- 
ments of porous pot, 
and (2) to conduct 
the boiling at such 
a rate that the drops 
fall slowly and re- 
gularly from the 
Fig. 34. condenser. The in- 

accuracies of the 

method arise from constant change of concentration throughout 
the operation and from impurity in the solvent, the boiling-point 
of which will have a tendency to rise as the distillation proceeds. 
Examples , — 

iv. Volume of solvent} d. d/. Mean. 

1 I 0*8109 grin, (urea) | 17*5 c.c. (alcohol) I 1*04° I 69 ) ^ 

2 1 0-8109 „ I 331 „ 1 0-52 I 65 j ' 

_ Calculated for CON2H4; M=6o. 

1 The constants for liquids at the boiling-point (= constant divided by the specific 
gravity of the solvent at the boiling-point) are as follows : — 

Alcohol 15*60 Acetone 22'2o 

Ether 30*30 Chloroform ... 26*00 

Water 5*40 Benaene 32*80 
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Although the boiling-point method is able to dispose of a 
greater number of convenient solvents than are suitable for 
freezing-point determinations, it is never so accurate, mainly on 
account of the difficulty of avoiding fluctuations in the boiling- 
point, due to radiation, to the dripping of cold liquid from the 
condenser, to impure solvent, and to barometric fluctuations. 


Molecular Weight of Organic Acids 

Determination by means of the Silver Salt.— The 
basicity of an organic acid being known, the molecular weight 
can be determined by estimating the amount of metal in one of 
its normal salts. The ratio of metal to salt will be that of the 
atomic weight of the metal to the molecular weight of the salt. 
The silver salts are usually selected for these determinations, 
since they are, as a rule, normal, neither acid nor basic ; 
they are only slightly soluble in water, and are consequently 
readily obtained by precipitation, and finally they rarely contain 
water of crystallisation. On the other hand they are very 
unstable, being quickly discoloured when exposed to light, and 
often decomposing with slight explosion when heated. Silver 
benzoate may be prepared by way of illustration. Weigh out 
roughly 2 — 3 grams of benzoic acid into a flask, and add about 
20 c.c. of water and an excess of dilute ammonia. Boil the 
solution until the escaping steam has nearly lost the smell of 
ammonia, and then test the liquid from time to time until it is 
neutral to litmus. Cool the flask under the tap, and add an excess 
of silver nitrate solution (3 — 4 grams AgNO^). Filter with the 
filter-pump. 

Filtration under Eeduced Pressure.— A filter-pump is 
an essential part of a laboratory fitting. It consists of a good 
water-jet aspirator (see Fig. 35), which is fixed to the water-tap 
by a stout piece of rubber tubing well wired at both ends. The 
joint is wrapped round with cloth or leather wired on to the 
rubber. The side tube of the aspirator is connected by ^tmip 
tubing to an empty filter flask or bottle by means of a glass tap. 
A second glass tube or side piece is put in connection with the 
filter flask by means of rubber tubing. The object of inserting 
a vessel- between the pump and the filter flask is to prevent 


PRACTICAL ORGANIC CHEMISTRY 


water running back when the aspirator is stofiped. Before 
stopping the pump, close the glass tap. Turn off the water, and 
then lift the tap out of its socket for a moment to equalise the 
pressure. 

Use a porcelain funnel and filter flask, different sizes of which 
are shown in Fig. 36. The bottom of the funnel is covered with 
a disc of filter paper. After filtering, wash three or four times 

with a little cold water, 
press the precipitate 
well down and let it 
drain. Remove the 
precipitate and spread 
it on a piece of porous 
plate, and place it in 
a vacuum-desiccator 
over sulphuric acid. 
There are several use- 
ful forms of vacuum- 
desiccator, two of 
which are represented 
in Fig. 37. 

The ground rims 
are greased with vase- 
line or a mixture of 
bees-wax and vaseline, 
and the air is exhausted 
by attaching the tube 
of the water-pump to 
the glass tap of the 
desiccator. 

If the substance is left overnight in the desiccator it will be 
dry by the next day. The silver salt should be protected as far 
as possible from the light. When the precipitate is thoroughly 
dry, weigh about 0-3 gram into a weighed porcelain crucible. 
Cover with the lid and heat, at first gently, over a small flame. 
When the first reaction is over, heat the crucible for a few 
minutes to a dull red heat, and then allow it to cool in a desic- 
cator. The silver salt will be completely decomposed and leave 
a dull white residue of silver. The crucible is now weighed and 
the weight of silver determined. 
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If Wis the weight of salt, w the weight of silver, and the 
basicity of the acid, the molecular weight of the silver salt is 
determined^from the following formula : — 

JV X io8 n 
w 

The molecular weight of the acid is then obtained by deduct- 
ing n atoms of silver and adding n atoms of hydrogen. 

Example — 0*3652 grm. silver benzoate gave 0*1720 grm. 
silver. 

. 108 + I = 122-2. 

0*1720 

Calculated for CyHgOo; M == 122 

Molecular Weight of Organic Bases 

Determination by means of the Platinum Salt.— 
The organic bases form, like ammonia, crystalline chloroplati- 
nates with platinic chloride of the general formula B2H2,PtCl(^. 
By estimating the amount of platinum present in the salt, it is 
possible to calculate the molecular weight of the platinum com- 
pound, and consequently that of the base. 

Dissolve about i gram of an organic base (brucine, strych- 
nine, quinine, &c.) in 10 c.c. of a mixture of equal volumes of 
concentrated hydrochloric acid and water. To the clear hot 
solution add excess of platinic chloride and let it cool. Yellow 
microscopic crystals of the chloroplatinate of the base separate. 
(If the chloroplatinate of the base is very soluble in water, such 
as aniline, it must be washed with strong hydrochloric acid, 
pressed on a porous plate and dried in a vacuum-desiccator over 
solid caustic potash.) 

Filter on the porcelain funnel with the pump and wash three 
or four times with small quantities of cold water. Press the 
precipitate down and dry on a porous plate in the vacuum-desic- 
cator. When thoroughly dry, weigh out about 0*5 to i gram of ^ 
the compound into a porcelain or platinum crucible, and heat 
gently with the lid on, and then more strongly until the organic 
matter is completely burnt away. Cool the crucible in the desic- 
ca.or and weigh. 
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The molecular weight of the salt is calculated from the weight 
w of the platinum, and IV of the salt, according to the formula 
(the atomic weight of platinum being 195) : — '’j 

IV X 195 

To determine from this the weight of the base, it is necessary 
to deduct from the molecular weight of the salt that of H2ptCl6, 
and as two molecules of the base are contained in the salt, 
the result is halved. 

Example — 07010 grm. of aniline chloroplatinate, 

(QH,NH2)2H2ptCle, 

gave o'2303 grm. platinum. 

^70I0_X_I95 _ 

0-2303 

594-2 -409-9 

2 y j 

Calculated for CgH-N ; M = 93. 

Preparations 

General Remarks. — Carefully read through the method. 

References to the process are given under each heading. Be 
clear as to the objects of the various steps described and the 
nature of the materials employed. It cannot be too strongly urged 
that in all cases where any doubt exists as to the natime of an 
operation, a preliminary trial should be made in a test-tube with a 
small quantity of the substance. This is especially necessary in 
crystallisation where the ctiiantity and character of the solvent are 
unknown. A vast amount of time and material is thereby saved. 

A small stock of clean and dry test-tubes (5 x f and smaller sizes) 
should always be at hand for this purpose ; also watch-glasses 
for microscopic examination of solid substances. 

The yield of either the crude or purified product should 
always be ascertained, and the purity of the product determined 
either by the boiling-point or melting-point. A small rough 
balance with celluloid pans, for use on the bench, is indispensable. 

Select vessels of a size appropriate to the quantities dealt 
with. Never use beakers for boiling or evaporating liquids, but 
dasks and basins. U se ordinary, carefully selected, corks rather 
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than rubber stoppers (which are attacked by many organic 
liquids), and soften them ^ve\l before use. The reactmis 
described at the end of each preparation are to be done in test- 
tubes, and should not be neglected. 

Above all, work with suitable, compact and clean apparatus 
on a clean be?ich. The best results are usually obtained when the 
preparation is carried out with something of the care and 
accuracy of a quantitative analysis. 

Where the asterisk occurs, it signifies that the operation must 
be conducted in the fume cupboard. 

Whilst the preparation is in progress, utilise the spare minutes 
in reading the notes in the Appe 7 idix\ 

To facilitate reference to general manipulative processes, 
which are described as they occur in conjunction with different 
preparations, the following table is added. 


Solids, 

Page. 

Filtration 

•• S 3 

Filtration under reduced pressure ... 

••• 43 

Crystallisation 

... 52 

Fractional crystallisation- 

... 122 

Sublimation 

... 226 

Determination of melting-point 

... 72 

Liquids. 

Dehydration... 

... S6 

Determination of boiling-point 

... S8 

Distillation under reduced pressure 

... 84 

Distillation in steam 

... 107 

Fractional distillation 

... 136 

Determination of specific gravity ... 

... 56 

Liquids and Solids. 

Heating under pressure 

24, 78 

Determination of rotatory power ... 

... 116 

Mechanical stirring 

90. 147 


Purification of Methylated Spirit and Spirits of Wine 
Methylated spirit, or spirits of wine 6o — 70 “ over-proof, ” may 
generally replace the more costly absolute alcohol as a solvent 
after undergoing a process of purification. The methylated 
spirit must be of the old kind, consisting of a mixture of 9 parts 
spirit of wine and i part purified wood-spirit, without the 




ETHYL ALCOHOL 


49 


addition of paraffin i.e.^ it should give a clear solution with 
water. It is, however, preferable to use rectified spirits 60-70 
over-proof which can be bought free of duty by teaching institu- 
tions on application to the Inland Revenue Board. 

Methylated spirit contains, in addition to ethyl and methyl 
alcohols, water, fusel-oil, acetalde- 
hyde, and acetone. It may be 
freed from aldehyde by boiling 
with 2 — 3 per cent, solid caustic 
potash on the water-bath with an 
upright condenser for one hour, or 
if larger quantities are employed, 
a tin bottle is preferable, which 
is heated directly over a small 
flame (see Fig. 38), It is then 
distilled with the apparatus shown 
in Fig. 39. The bottle is here 
surmounted with a T-piece hold- 
ing a thermometer. The distil- 
lation is stopped when most of the 
spirit has distilled and the ther- 
mometer indicates 80°. A further 
purification may be effected by 
adding a little powdered perman- 
ganate of potash and by a second 
distillation, but this is rarely ne- 
cessary. The same method of 
purification may be applied to 
over-proof spirit, which will hence- 
forth be called spirit as distinguished from the purified product 
or absolute alcohol. 



Fig. 38. 


Ethyl Alcohol, C2H5.OH 

Commercial absolute alcohol may be used for the preparations 
which follow. It is obtained by distilling crude spirits of wine 
over quicklime, and usually contains about 0*5 per cent, of 
water. 

Properties . — Pure ethyl alcohol boils at 78*3°, and has a 
sp. gr. of 0793 at 15'^. It mi.Kes with water in all proportions 

COHEN’S ADV. P.O.C. E 
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Reaction . — A delicate test for ethyl alcohol is the iodoform 
reaction. Pour a few drops of alcohol into a test-tube and add 
about 5 c.c. of a solution of iodine in potassium iodide, and then 
dilute caustic soda solution until the iodine colour vanishes. 
Shake up and warm very gently to about 6o°. If no turbidity 
or precipitate appears at once, set the test-tube aside for a 
time. Yellow crystals of iodoform will ultimately deposit, which 
have a peculiar odour, and a characteristic star shape when 
viewed under the microscope. The same reaction is given with 



other substances, such as acetone, aldehyde, &c., but not with 
methyl alcohol. 


Preparation i. 


Potassium Ethyl Sulphate, CoU^O.SOo.OK 

Dabit Ann. Chim. Phys. 1800, (i) 34 , 300 ; Claesson, /. prakt. 
Chem. 1879 (2) 19 , 246. 


70 grms. (87 c.c.) absolute alcohol.^ 

50 „ (27 cc.) cone, sulphuric acid. 


The alcohol is poured into a round flask (-| litre) and the 
'Sulphuric acid is slowly added and well mixed by shaking. A 


1 For the preparation of methyl potassium 
alcohol is used ; in other respects the two 
45—50 grams. 


sulphate the same quantity of methyl 
processes are identical. The yield is 
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considerable amount of heat is developed in the process. The 
flask is now fitted with a reflux condenser (see Fig. 40) placed 
upon the water-bath and heated for 2 — 3 hours. The product 
now contains in addition to ethyl hydrogen sulphate, free sul- 
phuric acid and unchanged alcohol. The liquid on cooling is 
poured into i litre of cold water m a large basin and well stirred. 
It is neutralised by adding chalk ground into a thin paste with 
water. This precipitates the free sulphuric acid as calcium sul- 
phate and converts the ethyl hydrogen sulphate into the soluble 



calcium salt. The mixture is heated and filtered through a 
large porcelain funnel (see Fig. 36) at the filter-pump, and the 
precipitate pressed well down. The clear filtrate is heated on 
the water-bath and a solution of potassium carbonate (about 50 
grams) is added in small quantities until the liquid is slightly 
alkaline. To ensure complete precipitation a little of the clear 
liquid should be tested with a solution of potassium carbonate 
before proceeding. 

The calcium salt is thereby converted into the soluble potas- 
sium salt and calcium carbonate is precipitated. The latter is 
removed by filtration, as before, and the filtrate concentrated on 
the water-bath to a small volume until a drop of the liquid, re- 
moved on the end of a glass rod, crystallises at once on cooling. 

i E 2 
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The potassium ethyl sulphate is filtered and washed with a 
little spirit or methylated spirit^ 

Crystallisation. — The substance should now be recrystal- 
lised. The success of man}'- operations in practical organic 
chemistry depends upon skill in crystallisation. The first essen- 
tial is to select a suitable solvent, that is, one which dissolves 
much more of the substance at a high than at a low temperature. 
To discover a suitable solvent a small quantity of the substance 
(o' I gram is sufficient) is placed in a test-tube and a few drops 
of the solvent poured in. The common solvents are water, 
methyl and ethyl alcohol, ethyl acetate, acetic acid, acetone, benz- 
ene (also toluene and xylene) nitrobenzene, petroleum spirit and 
ligroin, chloroform and carbon tetrachloride. If the substance 
dissolves on shaking without wai*ming or does not visibly 
diminish on boiling, it may be discarded as unsuitable. If it 
dissolves on heating or boiling and crystallises on cooling in 
considerable quantity, it may be employed. Sometimes solutions 
can be supercooled. In such cases, rubbing the sides of the 
test-tube with a glass rod will cause the substance to deposit. A 
convenient method of crystallisation may be occasionally em- 
ployed by using two miscible solvents in one of which the 
substance is soluble and in the other insoluble. The substance 
is then dissolved in a small quantity of the first solvent and 
the second added gradually until a turbidity appears. Alcohol 
and water, and benzene and petroleum spirit are often used in 
conjunction in this way. If a substance of low melting-point is 
to be crystallised care should be taken that sufficient solvent 
IS present to prevent the substance separating at a temperature 
at which it is still liquid. The interval of temperature may be 
increased after the solution has reached the ordinary tempera- 
ture, by cooling it in a freezing mixture, when some of the 
solid will be deposited. 

In the present instance spirit or methylated spirit (purified) 
will be found an efficient solvent for potassium ethyl sulphate. 
The following is the mode of procedure when a volatile or in- 
flammable solvent is used : the substance is placed in a round 
flask attached to an upright condenser and heated on the water- 
bath. The form of apparatus is that already described (see Fig. 

1 If methylated spirit is used it must be purified according to the method described 
on p. 4.8 
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^o.) Small quantities of spirit are added and kept boiling until 
^ solution is obtained. A small quantity of impurity may remain 
^xidissolved. The hot solution is at once decanted or filtered 



Fig. 41. 


ttirough a fluted filter (Fig. 41) or hot water funnel (Fig. 42) 
imto a beaker and allowed to cool. 

A fluted filter is made by first folding a large circular filter 
paper in the ordinary way. It is then half opened out and the 
two quadrants folded towards the middle line (see Fig. 41), 
This makes three creases with the hollows on the same side. 
T'he filter is now turned over and each section folded down the 



Fig. 42. 


centre so that the hollows of the four new creases alternate 
Avith the ridges of the three others as shown at b. The paper 
Avlien opened now appears like c. The two rectangular flutings 
indicated by an asterisk have still to be divided by a crease 
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down the middle. The filter is now pushed well into the 
funnel, the stem of which is cut off short as shown at d. 

A hot-water is shown in Fig. 42. It consists of a. 

jacketed metal funnel, with a projecting metal tube. The vessel 
is partly filled with water which is boiled by placing a small 
burner under the end of the tube. The glass funnel is placed 
within the metal-jacket. By keeping the liquid hot, crystallisation 
in the filter is thus prevented. 

Before filtering an inflammable liquid such as alcohol the flame 
must be removed. The potassium ethyl sulphate is dried on a 
plate of unglazed earthenware or on a thin pad consisting of 
three or four sheets of filter paper, with another sheet over the 
crystals to keep out the dust. On concentrating the mother 
liquors on the water-bath, a further quantity of crystals may be 
obtained. Yield 35 — 40 grams. The following equations 
express the chemical reactions which occur : 


CJ-IsOII + H0SO4 = C2II5SO4H + HoO 
Ethyl hydrogen sulphate. 

aC^HsSO^II + CaCOa = (C,H 5 S 04 )^Ca + H.,0 + CO 2 

Calcium ethyl sulphate. 

{C.H5S04VCa + K2CO3 = 2C2H5SO4K + CaCOg. 

" “ Potassium ethyl sulphate. 


Properties. Colourless, foliated crystals ; easily soluble in 
water and dilute alcohol, less soluble ia absolute alcohol. 

Reactions, i. Dissolve a little of the recrystallised salt in water, 
and add barium chloride solution. There is no precipitate, as 
the barium salt of ethyl hydrogen sulphate is soluble in water. 
2. Boil a little of the solution of the salt with a few drops 
of dilute hydrochloric acid for a minute and add barium chloride. 
A precipitate of barium sulphate is formed, as, on boiling ethyl 
hydrogen sulphate in aqueous solution, it is decomposed into 
sulphuric acid and alcohol (see Appendix.^ p. 234). 


Preparation 2. 

Ethyl Bromide (Monobromethane), C2H5Br. 
D e V ri j, Jahresber . , 1857, 441. 

100 grms. potassium bromide. 

100 „ (54 c.c.) cone, sulphuric acid. 

60 3j (75 c.c). absolute alcohol 
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Fit up the. apparatus as shown in Fig. 43. The distilling 
■flash should have a capacity of not less than i litre, and is 
attached to a long condenser. An adapter is fixed to the end'of 
the condenser, dipping into a conical flask (250 c.c.), which 
serves as receiver. The alcohol and sulphuric acid are mixed 
ill the distilling flask and cooled to the ordinary temperature 
under the tap. The potassium bromide, coarsely powdered, is 
then added. The flask, which is closed with a cork, is fixed to 
the condenser and heated on the sand-bath. A sufficient quan- 
tity ot water is poured into the receiver to close the end of the 
adapter. After a short time the liquid in the flask begins to 
boil and froth up, and the ethyl bromide, in the form of heavy 



drops of colourless liquid, distils and collects at the bottom of 
the receiver. If the liquid threatens to froth over, the flask must 
be raised from the sand-bath for a moment. The distillation is 
continued until no further drops of oil appear at the end of 
the condenser. As the ethyl bromide has a low^ boiling point 
(3S~39‘^)5 it is desirable to surround the receiver with ice during 
this operation. The distillate is now removed and poured into 
a separating funnel (Fig. 44), and the lower layer of ethyl bro- 
mide separated. The water is thrown away and the ethyl 
bromide poured back together with about an equal bulk of dilute 
sodium carbonate solution and shaken up. The ethyl bromide 
is withdrawn, as before, and again shaken up with water. 
Finally, it is carefully separated from the water and run into a 
dry distilling flask. The small quantity of water which remains. 
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and renders the liquid turbid, is removed by adding a dehydrat- 
ing agent. 

Dehydration. Moisture can be readily removed from liquids 
by adding a solid hygroscopic substance which does not act 
chemically upon the liquid. The common 
dehydrating agents are calcium chloride, 
potassium carbonate, sodium sulphate 
(anhydrous), quicklime, &c. Alkalis can- 
not^of course be used for dehydrating or- 
ganic acids, nor can calcium chloride be 
employed in conjunction with alcohols or 
organic bases, with which it combines. In 
the present instance it can be used. A few 
small pieces of the granulated or fused 
calcium chloride ai*e added to the liquid. 
The flask is corked and left to stand for 
some hours until the liquid becomes 
clear. It is then distilled. A ther- 
mometer is inserted into the neck of 
the flask with the bulb just below the 
Fig. 44. side tube. The flask is attached to a con- 

denser and heated gently on the water- 
bath, so that the liquid distils at a moderate speed (2 — 3 drops 
a second). The temperature is noted and the portion boiling at 
35 — 43 ° collected in a separate flask. This consists of ethyl 
bromide which may contain a little ether. Yield 75 — 80 grams. 

CoH.OH + H2SO4 == C 2 H.,H.S 04 + I-LO. 

Alcohol. Ethyl hydrogen sulphate. 

C0H5.H.SO4 + KBr - CgH^Br + KHSO4. 

Ethyl bromide. , 

Properties — Colourless liquid ; b. p. 38 ’8° ; sp. gr. 1*47 at 15'^ 
(see Appendix^ p. 234). 

Determination of Specific G-ravity.— A simple method 
for determining the specific gravity of liquids is as follows: .A. 
pyknometer, or small glass bottle, is used of about 20 to 30 c.c. 
capacity, with narrow neck, upon which a mark, is etched and 
which is closed by a ground glass stopper (Fig. 45). 

The bottle is thoroughly cleaned and dried by warming and 
aspirating air through it, after which it is allowed to cool and 
weighed. It is then filled wdth the liquid, which is poured in 
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through a funnel, the stem of which is drawn out so as to pass 
through the narrow neck. The bottle is placed in a mixture of 
snow or pounded ice and left a quarter to half an 
hour, until the contents have a temperature of o°. 
The meniscus is now adjusted until it coincides 
with the mark on the neck of the bottle. If 
more liquid has to be added, this may be 
done from a small pipette with capillary de- 
livery tube ; if some of the liquid has to be 
removed, a thin roll of filter paper may be 
inserted which will absorb it. The bottle is 
then stoppered, dried on the outside, left in the 
balance case for a quarter of an hour, and 
weighed. It is then emptied, cleaned, and 
dried, and filled with distilled water previously 
boiled. The water is cooled to o°, the meniscus 
adjusted and the bottle weighed, the same 
process being repeated as that just described, 
expression will give the specific gravity of the 
liquid at o° compared with water at o° : — 

Wo — Wi 

Where = weight of empty bottle. 

Wo = „ bottle. and water at o°, 

W2 = „ bottle and liquid at 0° ; 

or, if compared with water at 4°, the above number must be 
multiplied by the density at o'" = 0*999873. 

A very delicate and useful piece of apparatus, which is 
readily made with the blow-pipe, is Perkins" modification of 
Sprengel’s pyknometer.^ It is especially adapted for small quan- 
tities of liquid and for the more volatile ones. The apparatus 
(Fig. 46) consists of a to hold from 2 to 10 c.c., drawn 

out at each end into a fine capillary. The one capillary limb, a, is 
bent outwards and is furnished with a small bulb ; the other, d, 
is bent at a right angle with the first. On the limb a, between 
the bulb and the top of the U-tube a mark is etched. The 

1 Trans. CIie 7 n. Soc. 1884, 45 , 421, 
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tube is dried and weighed, and the liquid drawn in through the 
limb b, until it half fills the small bulb on the limb a. The 
apparatus is cooled in ice and water, and the meniscus adjusted 
to the mark on a by tilting the tube until the limb b has a hori- 
zontal position. To the end of this limb a piece of filter paper 
is applied, until the liquid sinks to the desired position in the 



limb a. The {J-tube is then brought to the vertical position, 
loose glass caps placed over the ends of the two limbs, the 
apparatus carefully dried, and allowed to stand and weighed. 
The operation is then repeated with distilled water. 

Example— hxi experiment with ethyl bromide gave the fol- 


lowing result : — 

Weight of tube empty 6*242 grams 

+ ethyl bromide at . .9*472 „ 

4 - water at o'" 8*417 „ 


=0*999873 X = 1*485. 

4 2*175 

Determination of the Boiling-point.— A correct deter- 
mination of the boiling-point of a liquid is made with a standard 
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thermometer, /.^.,ione that has been calibrated, and the o° and loo" 
points carefully determined. An ordinary thermometer corrected 
by a standard thermometer at Kew will serve equally well. 
Correction must also be made for barometic pressure. This is 
approximately 0*043^ fc»r every i mm. below 76o (Landolt). A 
further correction is required for the thread of mercury, which 
may project above the vessel. For this correction the following- 
formula may be used : — 

N(T -/)o*oooi54. 

Where T — apparent temperature in degrees. 

t — temperature of a second thermometer, the bulb 
of which is placed at half the length N above 
the vessel. 

N = length of the mercury column in degrees from 
above the vessel to T. 

o‘oooi54 = apparent expansion of mercury in glass. 

This correction may be avoided by using short (Anschutz) 
thermometers, in wdiich the mercury thread is entirely immersed 
in the vapour. A rough correction for points above ioo° may 
be made by determining the boiling points of pure organic 
substances, such as naphthalene, 2i6’6°, &c. 

Preparation 3. 

Ether (Diethyl Ether, Diethyl Oxide), (C.H^j.O 

V. Cordus (1544) ; Jotmi. PJiajnn.^ 1815, 1, 97 ; Williamson, 
Phil Mag. 1850, (3) 37 , 350. 

150 grms. (80 c.c.) cone, sulphuric acid. 

85 „ ( 1 10 c.c.) absolute alcohol. 

A distilling flask (^ litre) is fitted with a double-bored cork. 
Through one hole a thermometer is inserted, the bulb of which 
must be covered by the liquid in the flask and through the 
other a tap-funnel passes. The side-tube of the distilling flask 
is fixed by a cork into the upper end of a long condenser. An 
adapter is fitted to the lower end and passes through the neck 
of a flask, which is surrounded by ice. The apparatus is shown 
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in Fig. 47. The sulphuric acid and alcohol are cautiously- 
mixed together in the distilling flask, which is then placed upon 
a sand-bath and attached to the condenser. The mixture is 
heated to 140° and alcohol is run in from the tap-funnel at the 
same speed as the liquid distils (about three drops a second). 
The temperature must be kept constant at 140 — 145°. When 
about twice the quantity of alcohol contained in the original 
mixture has been added and converted into ether, the distillation 
is stopped. The receiver now contains, in addition to ether, 
alcohol, water and sulphurous acid. The liquid is poured into 
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a large separating funnel and a small quantity (30 — 40 c.c.) of 
dilute caustic soda added and well shaken. After settling, 
the caustic soda solution is drawn olf below, and about the 
same quantity of a strong solution of common salt added, 
and the process of shaking and drawing off repeated. The 
ether, which is now free from sulphurous acid and from 
most of the alcohol, still contains water. It is therefore 
poured into a large dry distilling flask and some pieces 
of solid calcium chloride added. It is allowed to stand 
loosely corked overnight. The distilling flask is now attached 
to a long condenser and heated on the water- bath. The 
ether, which distils, still contains traces of alcohol and water, 
which it obstinately retains and from which it can only be freed 
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by a further treatment with metallic sodium. A few very thin 
slices of sodium are dropped into the receiver and the vessel 
closed with a cork, through which an open calcium chloride tube 
is inserted to allow any hydrogen to escape and to prevent the 
entrance of moisture. 

When the sodium produces no further action, the ether is 
decanted from the sodium residues into a distilling flask and 
distilled on the water-bath. A thermometer is placed in the 
neck of the flask to indicate the boiling-point, which should be 
constant at 35°. 

-f H^S04 = C,H5S04H -f- H.;0. 

CoHf,S04H -f C^^H^OH - CsHs-O.CoHs + H0SO4. 

P 7 'opcrfics. — Colourless, mobile liquid ; b.p. 35° ; sp. gr. 0720 
at 15'^ ; burns with a luminous flame ; not miscible with water ; 
9 parts of water dissolve i part of ether, and 35 parts of ether 
dissolve I part of water at the ordinary temperature. See 
Appmdix^ p. 236. 

Commercial Ether is made from methylated spirit and 
contains alcohol, water, and other impurities, and for many 
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reactions requires to be purified. The following method of purifi- 
cation may be employed. The ether is distilled over a little 
coarsely powdered caustic potash, then placed in contact with solid 
calcium chloride for several hours, and finally decanted and 
treated with metallic sodium. It is convenient to use a sodium 
knife (Fig. 48) or press (Fig. 49) preparing the sodium. 
In the former the metal can be cut into very thin slices, and 
in the latter it is pressed into fine wire through a circular steel die, 
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It must be remembered that ether is highly inflammable, and 
also exceedingly volatile, and great care should be taken that 
no flame is in the neighbourhood of the liquid. It must on no 
account be distilled over the bare flame, but always from the 
water-bath, and then with a long well-cooled condenser. The 
distillation of large quantities should be avoided as far as 
possible. In such cases it is convenient to employ a distilling 
flask of moderate size (250 c.c.), and to add, as the liquid distils, 
a fresh supply of ether or ethereal liquid from a tap-funnel 
inserted through the neck of the flask, which can be done 
without interrupting the distillation. 


Preparation 4. 

Ethylene Bromide. CHgBr. CHsBr. 

Balard, A^m. Chim. Phys. 1826 (2), 32 , 375 ; Erlenmeyer. 
Bunte, Aimaleti^ 1S73, 168 , 64. 

25 grms. (30 c.c.) absolute alcohol. 

150 „ (80 c.c.) cone, sulphuric acid. 

200 „ (65 c.c.) bromine (which must be measured 

out in the fume-cupboard). 

300 „ of a mi.xture of 100 grms. (124 c.c.) alcohol 

and 200 grms. (108 c.c.) cone, sulphuric 
acid. 

Fit up an apparatus as shown in Fig. 50. It consists of a 
round flask (2 litres), which is furnished with a double-bored 
cork. A tap-funnel is inserted through one hole and a delivery 
tube through the other, by which it is connected with two 
wash-bottles with safety tubes. A useful form of wash-bottle is 
that shown 'in Fig, 50 and in section at a. Otherwise a three- 
necked Woulff bottle will serve, with a long tube inserted through 
the central neck. The wash-bottles are one-third filled with 
caustic soda solution. The two ordinary wash-bottles standing 
in the trough of water contain the bromine. The first contains 
about 50 c.c. of bromine and i c.c. of water and the second about 
15 c.c. of bromine and i c.c. of water. The latter is attached to 
a wide U tube or cylinder containing pieces of soda-lime. If a 
cylinder is used a layer of glass fragments or marbles should 
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foim a layer round the orifice of the inlet tube with the soda- 
lime above. 

The joints being tight, the mixture of 25 grams of alcohol and 
I 50 grams of sulphuric acid is run into the large flask containing 
a little dry sand and heated with a small flame on the sand-bath 
until a steady stream of gas is evolved. When this occurs the 
mixture of alcohol and sulphuric acid is dropped in slowly from 
the tap-funnel. It is important to moderate the temperature 
to prevent excessive frothing and the separation of carbon, 
which, however, cannot altogether be avoided. A considerable 
quantity of sulphur dioxide which is evolved with the ethylene 



Fig. 50. 


is removed by the caustic soda in the wash-bottles. If the 
water surrounding the bromine bottles becomes warm, small 
lumps of ice should be thrown in. The caustic soda should 
be occasionally renewed, otherwise sulphur dioxide may pass 
into the bromine and reduce it to hydrobromic acid. If the 
pressure in the apparatus causes a back rush of bubbles 
through the tap-funnel attached to the flask, the difficulty is 
met by inserting the stopper in the tap-funnel. After a 
few hours the bromine in both vessels is decolourised or at 
least changes to a straw colour. The crude ethylene bromide 
is removed and shaken with dilute caustic soda solution, then 
with water, separated from the aqueous layer and dehydrated 
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over small pieces of calcium chloride. It is decanted or 
filtered from the calcium chloride and distilled. The distillate is 
collected at 130 — 132^^. The yield is nearly equal to the 
weight of bromine taken. 

CoH5(OH)-HP-C^H4 

C2H4 + Br.3 = C2H4Br2. 

Properties . — Colourless liquid, which solidifies, at o” to a 
crystalline mass and melts at (f ; b.p. 1 31*5° 5 sp.gr. 2*19 at 15^ 

Reaction . — Attach a 100 c.c. flask to a short upright con- 
denser (see Fig. 86) and to the upper end of the condenser 
attach a vertical delivery tube, dipping into an ammoniacal 
cuprous chloride^ solution. Pour 2 — 3 c.c. of ethylene bromide 
into the flask with 4 times its volume of strong methyl alcoholic 
potash, which is prepared by boiling methyl alcohol with excess 
of caustic potash on the water-bath with upright condenser. On 
gently heating, a rapid evolution of acetylene occurs and the 
characteristic brown copper compound (C2H2Cu2,H20) is pre- 
cipitated from the cuprous chloride solution. 

+ 2KOH = C.3H2+ 2 KBr + 2H2O. 

Acetylene. 

See Appe?tdix, p. 237. 

Preparation 5. 

Acetaldehyde, CH3.CO.H 

Liebig, Annaten, 1835, 14 , 133 ; Staedeler, J. praki. Chem.., 
1859, (i) 76 , 54. 

100 grms. potassium bichromate 
420 c.c. water. 

A mixture of 100 grms. (125 c.c.) absolute alcohol 
and 140 grms. (75 c.c.) cone, sulphuric acid. 

100 c.c. methylated ether, which has been left to 
stand over solid caustic potash for a few hours, and 
then distilled off from the water-bath. 

A round flask (i-| litre) is provided with a double-bored cork. 

1 Ammoniacal cuprous chloride Is made as follows : Boil up copper oxide and 
metallic copper with cone, hydrochloric acid for a short time until the liquid 
is nearly colourless, and pour the liquid into water. The white cuprous chloride is 
washed once or twice by decantation and dissolved in a strong solution of ammonium 
chloride. When required a little ammonia is added sufficient to give a clear blue 
solution. 
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A bent tube, which passes through one hole, connects the flask 
with a condenser and receiver. A tap-funnel is inserted through 
the other hole. The flask is placed upon a sand-bath, and the 
receiver is cooled in ice. It is important that all the corks 
should be tight, as a small leak will considerably diminish the 
yield. The potassium bichromate in small pieces and the 
420 c.c. of water are placed in the flask and gently warmed. 
1 he flame is then removed, and the mixture of alcohol and 



Fig. 51. 


sulphuric acid, which may be used warm, is slowly added from 
the tap-funnel. The flask is occasionally shaken. A consider- 
able rise of temperature occurs and the liquid darkens, whilst 
aldehyde, with a little water and alcohol, distils. When the 
mixture has all been added, the flask is heated on the sand-bath 
until all the aldehyde has distilled (about 150 c.c.), which may 
be determined by removing the cork from the flask and noticing 
if the smell of aldehyde is still perceptible. The distillate is now 
redistilled on the water-bath in the apparatus shown in Fig, 51. 

COHEN'S ADV. P. O. C. F 
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The flask is attached to an upright condenser in which the 
water is kept at a temperature of 30 — 35°. Alcohol and aqueous 
vapour condense in the condenser ; the aldehyde, on the other 
hand, passes by a tube attached to a 100 c.c. pipette into two 
narrow (100 c.c.) cylinders, one-third filled with the dry ether, 
and cooled in ice-w’ater. The aldehyde readily dissolves in the 
ether and is rapidly absorbed. If the ethereal solution is now 
saturated with dry ammonia gas, the whole of the aldehyde 
separates out in the form of colour- 
less crystals of aldehyde-ammonia, 

CH3.CH.OH.NH2. The apparatus 
for preparing the dry ammonia is 
shown in Fig. 52. The flask contain- 
ing strong ammonia solution is heated 
by a small flame, when the gas is 
readily evolved and passes up the 
tower, which is filled with soda-lime 
or quicklime. The ethereal solution 
is saturated with the gas, and is then 
allowed to stand for an hour. 

The ether is then decanted from Fig 52, 

the crystals, which are drained at 

the filter-pump, washed with a little ether, and finally dried in 
the air on filter-paper. Yield of aldehyde-ammonia, 25—30 
grams. It may be used for the reactions described on p. 67. 

Pure aldehyde may be prepared from the aldehyde-ammonia 
as follows ; The crystals are dissolved in an ecj[ual weight 
of water and distilled on the water-bath with a mixture 
of 1 1 parts of concentrated sulphuric acid and 2 parts of water, 
the receiver being well cooled in ice. The temperature of the 
water-bath is gradually raised until the water begins to boil,, ? 
and the distillation is then interrupted. The distillate is de- 
hydrated over an equal bulk of calcium chloride, from which it 
is distilled in the water-bath, heated to 30°. The anhydrous 
aldehyde is kept in a well- stoppered bottle. 


I 



sCjHsCOH) H- KjCrA + 4H,S04 = sC^H^O + KoSO^ + 
Cr.(S 04)3 + 7H,0 
C2H4O + NH3 = CH3CH.OH.NH2 
2Cn3CH.OH.NH2 + H2SO4 = 2CHs.CO.H +'(NH4),S04. 
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Properties. — Colourless liquid with a distinctive smell ; b.p. 
21° ; sp. gr. 0*807 at 0° ; soluble in water, alcohol and ether. 

Reactions. — Acetaldehyde and many of the aliphatic aldehydes 
are characterised by the following reactions : — 

1. Prepare a little ammonio-silver nitrate by adding dilute 
ammonia drop by drop to silver nitrate solution ' until the pre- 
cipitate just dissolves. Add to a third of a test-tube full of the 
ammonia-silver nitrate solution about i c.c. of aldehyde,, and 
place it in a beaker of hot water. A mirror of metallic silver is 
deposited. AggO 4 - C2H4O = Agg + C2H4O2 (acetic acid). 

2. To I c.c. of aldehyde add 2-3 times its volume of a cold 
saturated solution of sodium bisulphite and shake up. The 
additive compound, CHgCH.OH.SOgNa, crystallises out on 
standing. A crystal of the substance introduced into the liquid 
will hasten its formation. The bisulphite solution is prepared 
either by dissolving sodium metabisulphite in water, or by 
passing sulphur dioxide into soda crystals covered with a layer 
of water. It forms an apple-green solution, smelling strongly 
of sulphur dioxide. The sulphur dioxide is conveniently obtained 
from a bottle of the liquid which can be purchased, or by dropping 
concentrated sulphuric acid on to solid sodium sulphite. 

3. A solution of magenta decolourised by sulphur dioxide 
becomes violet on the addition of a drop of aldehyde (Schifif;. 
Prepare a weak solution of magenta by dissolving a crystal in 
half a test-tube of water and bubbling in sulphur dioxide until 
the colour disappears. Now add a few drops of aldehyde. 

4. Boil a few drops of aldehyde with i — 2 c.c. of caustic 
potash solution. The liquid becomes yellow and a brown 
resinous precipitate is formed. 

5. Add a drop or two of concentrated sulphuric acid to i c.c. 
of aldehyde. The mixture becomes hot in consequence of the 
aldehyde undergoing polymerisation to paraldehyde (€21140)3, 
b.p. 124'', which separates as an oil on adding water. See 
Appendix.^ p. 238. 

Methyl Alcohol. CH3.OH 

Commercial methyl alcohol is obtained by purifying wood spirit. 
It often contains a little acetone, which may be detected by the 
iodoform reaction (see p. 50). It may, if necessary, be purified by 
boiling it, using an upright condenser, with 3 — 4 per cent, of solid 
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caustic potash on the water-bath, and then distilling. It is 
freed from water by standing for twenty-four hours in a flask 
one-third filled with freshly-burnt quicklime, and re-distilling 
from the water-bath, using a thermometer. 

Properties : — Colourless liquid ; b. p. 66 — 67^ ; sp. gr. 0796 
at 20° 


Preparation 6. 

Methyl Iodide (lodomethane), CH^I 
Dumas and Peligot, A 7 i 7 iale 7 u 1835, 15 , 20. 

18 grms. methyl alcohol. 

5 „ red phosphorus 

50 „ iodine 

Attach a flask (250 c.c.) to an upright condenser, and bring 
into it the methyl alcohol and red phosphorus. Add the iodine 
gradually by detaching the flask for a moment from the con- 
denser. A considerable evolution of heat occurs. When the 
iodine has been added the flask is left attached to the condenser 
over night, and the contents then distilled from the water-bath 
using a similar apparatus to that of Fig'. 43, p. 53. The dis- 
tillate is shaken up with dilute caustic soda in a separating 
funnel, to remove iodine and hydriodic acid. If sufficient 
caustic soda has been used the lower layer of methyl iodide will 
be colourless. Separate the methyl iodide, add a few pieces of 
solid calcium chloride, and after standing until clear, distil from . 
the water-bath with thermometer. Yield 45 grams. Ethyl 
iodide and the other alkyl iodides are prepared in precisely the 
same fashion. 

5CH3OH d-P -P 5I = 5OH3I -1- HgPO.-f H, 0 . 

Pfvperties. — Colourless, highly refractive liquid ; b. p. 45' ; 
sp.' gr. 2*27 at 15°. 

Reacti 07 i. — Shake a few drops of methyl iodide with an 
alcoholic solution of silver nitrate. A white precipitate of a 
compound ofsilver iodide and silver nitrate is deposited, which is 
decomposed and gives yellow silver iodide on adding water. 
See Appe 7 idix^ p. 240. 
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Amyl Alcohol, CgHn-OH. 

Commercial amyl alcohol is contained in fusel oil from fer 
mentation and consists mainly of isobutyl carbinol together 
with about 13 per cent. ' of secondary butyl carbinol, which 
renders the liquid optically active. It turns the plane of polar- 
isation to the left (see p. 116). 

Properties, — Colourless, highly refractive liquid with a burning 
taste and penetrating smell ; b. p. 131 — 132° sp. gr., o‘8ii3 at 
19° ; dissolves in 39 parts of water at 16*5'^. 

Preparation 7. 

Amyl Nitrite,. CgHi^O.NO. 

Balard ; Guthrie, Quart. J, C. 6*., 1858, 11 , 245 ; Rennard, 
JaAresd.^ 1874, p. 352. 

30 grms. (37 c.c.) amyl alcohol. 

30 „ sodium nitrite (finely powdered). 

18 „ (10 c.c.) cone, sulphuric acid. 

The amyl alcohol and sodium nitrite are mixed in a flask 
(500 c.c.), and whilst the' mixture is cooled in ice-water, the 
cone, sulphuric acid is added drop by drop from a funnel with 
constant shaking. Towards the end of the process a more 
vigorous reaction sets' in, when care must be taken to add the 
sulphuric acid more slowly. When the whole of the acid has 
been added, the top layer of amyl nitrite is decanted into a 
separating-funnel. A little water is then added to the residue 
and, after shaking, a further quantity of amyl nitrite separates 
and is decanted as before. The whole of the amyl nitrite 
is then separated from water, dehydrated over calcium chloride 
and distilled. The liquid boiling at 95 — 100° is collected 
separately. Yield, 30 — 35 grams. 

CsHuOH + NaNOs + HgSO^-CsHnO.NO+NaHSO^ + HsO. 

Properties. — Yellow-green liquid with a peculiar penetrating 
and sweet smell, which, on inhaling, causes a rush of blood to 
the head i b. p. 96° ; sp. gr. 0*902. See Appciidix.^ p. 240. 

Acetone (Dimethyl ketone), CH3.CO.CH3. 

Commercial acetone is obtained from the products of the 
distillation of wood. To purify it, it is shaken with a saturated 
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solution of sodium bisulphite (see Reaction 2, p. 67). The crystal- 
line mass, CaHgONaHSOg, is filtered and well drained and then 
distilled with sodium carbonate solution. The distillate is 
dehydrated over solid calcium chloride and finally distilled. 

Properties.— ColoMxle^ss liquid with a pleasant colour ; b. p. 

56‘3° ; sp. gr. 0*792 at 15° ; soluble in water. 

Reactions. — i. Acetone gives the iodofor^n reaction like ethyl 
alcohol (p. 50). 2. Dissolve a few crystals of 7^-bromophenyl- > 

hydrazine or j5-nitrophenylhydrazine in a few drops of glacial $■ 
acetic acid, dilute with about i c.c. of water and add a drop of 
acetone. The bromo- or nitro-phenylhydrazone of acetone 
separate as crystalline precipitates. 


Preparation 8. 

Chloroform (Trichloromethane), CHCI3. 

\A€d\%.^Pogg.Ann.y 1831, 23 , 444 ; Dumas, Ann. Chim. Phys.^ 

1834,56,115. .j 

200 grms. bleaching powder (fresh). 

800 c.c. water. 

40 grms. (50 c.c.) acetone. 

A large round flask (4 litres) is fitted with a cork, through 
which a bent tube passes connecting the flask with a long con- 
denser and receiver. The flask is placed upon a large sand- 
bath. Grind the bleaching powder into a paste with 400 c.c. of 
water and rinse it into the flask with the remaining 400 c.c. 
Add the acetone and attach the flask to the condenser. Heat 
cautiously until the reaction sets in, which is indicated by the 
frothing of the liquid. Remove the flame for a time, and when 
the reaction has moderated, boil the contents until no more 
chloroform distils. This is easily determined by collecting the 
distillate in a test-tube and observing if any drops of heavy 
liquid are present. The distillate is shaken with dilute caustic 
soda solution in a separating funnel and the lower layer of 
chloroform run into a 'distilling flask. A. few pieces of solid 
calcium chloride are added and left until the liquid is clear, 
when it is distilled from the water-bath with a thermometer •. 
inserted into the neck of the flask. Yield about 40 grams. 
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The bleaching powder acts as though it consisted of a 
compound of calcium hydrate and chlorine, and the process 
probably occurs in two stages. 

1. CH3.CO.CH3+3Cl2 = CH3.CO.Ca3-f3HCI. 

2. 2CH3.CO.CCl3 + Ca(OH)2=(CH3.COO)2Ca + 2CHCl3. 

Trichloracetone is first formed, which is then decomposed by 

the lime into calcium acetate and chloroform. . 

P^'operties , — Colourless liquid possessing a sweet smell, b. p. 
60 — 62° ; sp. gr. 1*498 at 15° ; very slightly soluble in water ; 
non-inflammable. As chloroform slowly decomposes in presence 
of air and sunlight into phosgene, it is usual to add a little 
alcohol to the commercial product, which arrests the change. 
Pure chloroform is neutral to litmus, has no action on silver 
nitrate solution and does not discolour concentrated sulphuric 
acid when shaken with it for an hour or left for a day. 

Reactions, — i. Heat a few drops with double its volume of 
methyl alcoholic potash. On the addition of water a‘ clear 
solution is obtained. Potassium formate and chloride are 
formed. CPICl3+4K0H = 3KCl + HC0.0K+2H20. 

2. Bring into a test-tube two drops of chloroform, one drop of 
aniline and i c.c. of alcoholic potash and warm in the fiane 
'cupboard. Note the intolerable smell of phenyl carbamine 
(carbaniine reaction), CHCl3 + C(jH5NH2 + 3KOPI=C6H5NC-f- 
3KCI + 3H2O. Wash out the contents of the test-tube in the 
fume cupboard. 

Preparation 9. 

CH3 

I 

Acetoxime, C:NOH 

I 

CH, 

V. Meyer, Fanin, Bcr., 1882, 15 , 1324. 

5 grms. hydroxylainine hydrochloride in 10 c.c. water 

3 „ caustic soda in 10 c.c. water 

6 ,, (7*6 c.c.) pure acetone. 

Add the acetone to the mixture of the hydroxylamine 
hydrochloride and caustic soda in a small flask. The flask is 
then corked and left for twenty-four hours, during which the 
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crystalline oxime separates. The presence of any free hydroxyl- 
amine is then tested in a few drops of the liquid with Fehling’s 
solution, or by merely adding a drop or two of copper sulphate, 
then a sufficient quantity of caustic soda to produce a clear blue 
solution and warming. An orange-red precipitate of cuprous 
oxide indicates uncombined hydroxylamine. If no free 
hydroxylamine is present, the liquid is shaken up with an equal 
volume of ether, in which the aceto.xime dissolves. The 
ethereal solution is separated and the process repeated twice 
with fresh ether. The united ethereal e.xtract is filtered, if 
necessary, through a dry filter into a distilling flask. The 
greater part of the ether is distilled off on the water-bath. The 
remaining liquid is poured into a glass basin and the rest of the 
ether left to evaporate in the air, the last traces being removed 
by heating for a few minutes on the water-bath. The acetoxime 
separates out on cooling in colourless needles. It is dried on 
a porous plate and recrystallised from a little petroleum spirit 
m, p. 6 1— '62.° Yield 4—5 grams. 

CH3.CO.CH3+ NHgOH.HCl + NaOH 

= CH3.C:N0H.CH3 -f NaCl -f- 2PI2O 
Properties . — Colourless needles \ m. p. 60°. 

Reaction . — Boil a small quantity for a few minutes with dilute 
hydrochloric acid, and test with Fehling’s solution. The oxime 
is decomposed into acetone and hydroxylamine, 

CH3.C(N0H).CH3+ H 2 O = CH3.CO.CH3-1- NH 2 OH. 
Melting-point Determination.— For this purpose the 
following apparatus is used (Fig. 53). A small sample of finely 
powdered substance, which has been carefully dried, is introduced 
into a capillary tube of about i mm. inside diameter sealed at 
one end. The tube is made from soft thin-walled glass tubing, 
about 1 5 mm, diameter, by rotating it in the blow-pipe flame until 
the glass softens, and then quickly drawing it out. The long 
capillary is then broken into lengths of about 7 cm. (2^ in.) by 
scratching across with a writing diamond, and each short tube 
is sealed at one end. To introduce the substance, it is con- 
venient to scoop up the finely powdered material off a watch 
glass with the open end. By tapping the closed end on 
the bench, the powder is shaken down. The quantity intro- 
duced should occupy a length of about 2—3 mm. when tightly 
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pat”ki‘d. 'The tiilK* is attac hed to a thcnnoint‘tcr (preferably with 
a vca y sntail bulb) so that tlu* siibstanre is level with the l)ull). I'he 
attaelunent may !h‘ made by a narrow rubl)er rinj^' or by simply 
moisttaung the side <)f the capillary with the thermometer bulb, 
wliicii lias been dipped in the licpiitl in the bath, and then 
prcNsin^ it a^piinst tiic! tlit*rmometta- stein. 'Fhe thermometer 
IKiHses through a cork inst*rted into a round d.ask with a Ionj4 
lUH k, tin* bulb of whicli is threc-ciuarlers filUal with concentrated 
sulphuric acick jtlycairol, or castor oil. The tlask is clanijrcd to a 



nUort stand and is hc*atc*d very gradually by a small flame. In- 
stead of « lamping the* tlask to a retort stand, it can bet fi\(‘d in a 
small lirass ti ifiod, shown in l'‘ig. 53, which fits on to an ordinary 
laboratory tripod and from wliicli it c'an b(' removed when not 
napurecld When a caunain temperature is reaclual the suhstancie, 
if pure, melts ^alddenly within one or two degreiss. When 
afipmat fling the nudting-poinl, it is desirable to remove the 
flame or turn if very low so that tlu? rise of tempcu’aUin* is very 
gradual. If fhe licpiefac tion is protractecl, it is an iudicuion 
that the siilistaiK a* is not pure. 'Tht* melling-jioinl, obtaimal in 
this way, to he cptile accuralt*, must be correc ted for the 

5 Th* 4 «t! ;«» pun h.ivl tnun Mr. J. W.akin >Mt»> 

nrnikilmrsa, I'liP lJiuvrr**tiyf Lctrtiti, i»n«:c- :4.f. ji/., jiphtugt: intlucted. 
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temperature of the thread of mercury outside the liquid, the 
same formula being used as in the correction for the boiling- 
point (see p. 58). When the acid becomes discoloured, a crystal 
of potassium nitrate will remove the colour on warming. 

Acetic Acid, CH3.CO.OH. 

Commercial acetic acid is manufactured from pyroligneous 
acid obtained in the destructive distillation of wood. The latter 
is neutralised with lime, and separated by distillation from wood- 
spirit and acetone. The crude calcium acetate, which has a 
dark colour, is then distilled with the requisite quantity of con- 
centrated hydrochloric acid. Anhydrous or glacial acetic acid 
is obtained by distilling fused sodium acetate with concentrated 
sulphuric acid. 

Properties . — Colourless liquid with pungent smell ; b. p. 
119° ; m. p. 167°; sp. gr. 1*055 at 15°. It should not decolorise 
a solution of permanganate. The vapour of the boiling acid is 
inflammable. 

Reactions . — Add a few drops of alcohol to the same quantity 
of a|:etic acid, and an equal volume of concentrated sulphuric 
acid. Warm gently and notice the fruity smell of ethyl acetate. 
Neutralise a few drops of acetic acid by adding excess of 
ammonia and boiling until neutral. Let cool and add a drop 
of ferric chloride. The red colour of ferric acetate is produced. 
On boiling, basic ferric acetate is precipitated. 

Heat a very small quantity of potassium acetate with an equal 
bulk of arsenious oxide. The disagreeable and poisonous vapour 
of cacodyl oxide is evolved. 

4CH3.COOK Hh As203= As 2(CH3)40 + 2CO2 “h 2K2CO3. 

Preparation 10. 

Acetyl Chloride, CH3.CO.Cl. 

Gerhardt, An 7 i. Chhn. Phys., 1853, (s) 37 , 285 ; Bechamp 
Compt. rend.^ 1855, 40 , 944, and 1856, 42 , 224. 

50 grms. glacial acetic acid. 

40 „ phosphorus trichloride. 

Fit up the apparatus shown in Fig. 54. It consists of a distilling 
flask (250 C.C.), which is attached to a condenser. A small 
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tilfer lliisk sc'ivrs as receiver, the side? tube attached 

to a c alcium t hloridtt lube. 'Fhe distilling vessel is provided 
witli a cork, through which a taiidunnel is inserted. 'I'hc flask 
is cooled in cold water in the water-bath (outlined in Fig. 54), 
wliilst the* phosphorus trichloride is slowly run in from the tap- 
fimnci.* When the [diosphorus chloride has liecn added, th(‘ 
water in the water-bath is warmed to 4o™5b\ until the evolu- 
tion of hydrochloric acid gas, which at first is very rapid, begins 
to abate. 'The water^bath is then healed to boiling until 



inching furtlier distils, 'fhe distillate is now redistilled a.s 
bt‘forc, but witli a thermometer, and the distillate collected 
at the boiling point of ac etyl (ddoride ($} 5 ^’ )• Vitdd 45 

grams, 

3CH:,<’()on I ai'ci; p iv)^ i 311(1 

PrtifHiiies. ('olourless litpud with a pungemt smell ; it fumes 
in tontac t with moist air ; b. j). 5^ ; sp. gr. t’105 at 20 \ 

hVaiiums'. i. Add a fewv drops of acetyl chloride to about 
c.r. of water in a t<*st'tuh{*. 'fhet acc-tyl chloride sinks to the 
bottom of tht‘ tesMulH*, but on shaking ra]»klly dissolves, and 
heat is evolved, d'iic^ acetyl chloride is converted into acetic acid 
ami hydrochloric acid. 

c‘ibi.(:()c;i k (dbi.co.ou f hfl 

i. lo about I c.c. of ethyl alcohol in a test tube, add i c.c. 
of acetyl chloride drop l>y drop, cooling under the tap. 'fhen 
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add about i c.c. of a solution of common salt. Ethyl acetate, 
recognised by its fragrant smell, separates out on the surface of 
the liquid. 

CH3.COCI + C2H5OH = CH3.CO.OC2H5 + PICL 

3. Add two drops of acetyl chloride to a drop of aniline. A 
vigorous action occurs, and a solid separates. This is acetanilide, 
and may be obtained in larger crystals by dissolving in boiling 
water and cooling slowly, 

CH3.COCI + C6H5NH3 = CfiHsNH.CO.CHg + HCl. 

See Appendix^ p. 241. 



Preparation ri. 

Acetic Anhydride (Diacetyl Oxide), CH^ CO/^^' 

Gerhardt, Ann. Chim. Phys,^ 1S53, (3) 37 , 31 1. 

55 grnis. sodium acetate (fused). 

40 „ acetyl chloride. 


A retort (250 c.c.) is attached to a short condenser and 
receiver, which is furnished, as in the previous preparation, with 
a calcium chloride tube. The tubulus of the retort is closed by 
a cork, through which a tap-funnel is fixed. The fused sodium 
acetate is prepared by fusing crystallised sodium acetate, 
(CHg-COONa + 3H2O). The sodium acetate (100 grams) is 
placed in a shallow tin and heated over a Bunsen burner. 
It first melts in the water of crystallisation, after which it 
becomes solid, and finally melts again as the temperature rises. 
When completely melted it is allowed to cool, powdered, and 
introduced into the retort. The acetyl chloride is gradually 
added through the tap-funnel, the retort being cooled in water. 
When the acetyl chloride has been added, the contents of the 
retort are well stirred by means of a thick glass rod puslied 
through the tubulus. The retort is now closed by an ordinary 
cork or stopper, and heated oyer a small flame, which should 
be moved about to prevent the retort cracking. When nothing 
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fiinlHT distils, tlu* n*tort is allt»w<‘tl to tool somewhat, and the 
disfillatr jK)iirt‘d l)a<'k and redistilled. l*'inally it is distilled 
tsniii a distilliti*^ tiask with a thenmtrneter, and collected at 
!3ti 140. Meld 40 trains. 

(:iI;,C'C)Cl + c:iI.,(,:().()Na - (CH.,CO).() + NaCl 

/Vv»/f7//V,v C'olourh^ss litjuid with an irritating' smell ; h. p. 
I. 1 m : ' 4>. t't'. I *c)S at 1 5 

AViiif/ti/rs Repeat th(‘ thret‘ <*xperiments described undei 
at ftyl t liloritle. l'lu‘ rt‘snlt is tht‘ sanu‘ in each case ; but as 
the acetic anhydridt‘ iH'acts less readily than acetyl chloride, the 
mixtin'e retjuires to !)e warnual. 

1. ( 1 1 11,0 2 cil,(:o(»h. 

2 . [!{ J ( ) i- C..! I„( HI ( niyt :< ).OCoI 1 ,, + CH.,.C'0() 1 1. 

3 . ch:;:cu / > Cit ir,N 11, c;„i I,N H.CO.CI i,+c: I )I I. 

In Reaction 2, conthinadon is not compU*t(4 even on boiling, 
and a little dilute (*austic soda must he added to d(a‘()m])ose the 
michaiigetl acetic anhydri<ha In Reaction 3, tlu‘ product remains 
liquid until water is added, wlum it lua'omes solid, and on 
heating dissolvi’s. Stu* p. 242. 


RKKl'ARA'riON 12. 

Acetamide, ( ‘ 1 1 .j.( •( ). N I lo. 

Hofmann, AVv*., iHS?., 15 , 
liK) |»nns. ainmotiiiim ticetatts 

Acetami<!c‘ may he ohtainetl ]»y simply distilling solid 
amimniinm acetate frum a disiilling tiask provided with a thenno’ 
meter, using for a condenser a straight, wide* tuln*. (See Mg. 55*) 
A considerable cpiantity of ammimia, water, and acetic acid 
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distils, and when the temperature papes i8o° the distillate sol- 
idifies, and consists mainly of acetamide. The yield is, however, 
small. A better result is obtained by first heating the ammonium 



Fig. 55. 


acetate in sealed tubes. The ammonium acetate, if not procur- 
able, may be prepared by adding to 70 grms. glacial acetic acid, 
warmed in a basin on the water-bath, about 80 grms. powdered 
ammonium carbonate until the acid is neutralised, which is re- 
cognised by diluting a sample with a little water, and testing 
with litmus. 

Heating under Pressure. — Two tubes are made from the 
usual thick-walled tubing by sealing one end (see p. 24). These 
are gently warmed, and the melted acetate poured in until they 
are about half full. They are then sealed in the manner described 
on p. 24. The tubes are then placed in a tube furnace (p. 23) 
and gradually heated to 200°, at which temperature they are 
maintained for 5 — 6 hours. Without removing the tubes from the 
furnace they are allowed to cool, and the capillary end opened by 
holding a Bunsen burner to the tip until fused, when the pressure 
within perforates the glass. If a deep file scratch is then made 
about an inch below the sealed end and the end of a red-hot glass 
rod held against the scratch, a deep crack is produced and the end 
easily removed. After heating, the tubes contain a clear, oily- 
looking liquid, which consists of an aqueous solution of acetamide, 
together with some unchanged acetate. The contents are pourecl 
into a distilling flask and distilled with a straight tube as 
condenser, and the portion boiling above 180° collected in a 
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small beaker. This distillate, on standing, almost completely 
solidifies to a colourless crystalline mass. It is freed from 
mother-liquor by spreading on a porous plate, and purified by a 
second distillation. The acetamide has then a nearly constant 
boiling-point. Yield, about 40 grams. 

CH3.CO.ONH4 = CH3.CONH2 + H2O. 

Properties. — Colourless, rhombohedral crystals, having a 
peculiar smell of mice. This is due to impurity, which may be 
removed by recrystallising from benzene ; m.p. 82° ; b.p. 222° ; 
easily soluble in water and alcohol. 

Reaction.— 1. Boil a small quantity of acetamide with caustic 
soda solution. Ammonia is evolved, and sodium acetate is found 
in solution, CH3.CONH2 + NaOH = CH3.CO.ONa + NH3. 
See Appendix.^ p. 243. 

Preparation 13. 

Acetonitrile (Methyl cyanide), CH3.CN. 

Dumas, Malaguti and Leblanc, Annalen^ 1848, 64 , 332. 

10 grms. acetamide 

15 „ phosphorus pentoxide. 

The phosphorus pentoxide is introduced into a small dis- 
tilling flask (200 c.c.) attached to a short condenser. As the 
pentoxide absorbs moisture rapidly and becomes sticky, it is 
convenient to push the neck of the distilling flask through a 
cork which fits the phosphorus pentoxide bottle, and then to 
shake in the oxide until the required weight is obtained. The 
powdered acetamide is immediately introduced and shaken up, 
and the mixture distilled over a small flame, which is constantly 
moved about. Add to the distillate about half its volume 
of water, and then solid potassium carbonate, until no more 
dissolves. The upper layer of liquid, which consists of methyl 
cyanide, is separated and distilled over a little fresh phosphorus 
pentoxide with thermometer. Yield, about 5 grams. 

CH3.CO.NH2 - H2O = CH3CN. 

Properties . — Colourless liquid with peculiar smell ; b. p. 82°. 

Reaction . — Boil a few grams of the acetonitrile with three 
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times its weight of a mixture of 2 vols. water and 3 yols. con- 
centrated sulphuric acid for an hour with a long uptight tube 

or air-condenser. Distil a few c.c. of liquid, and test the distillate 
for acetic acid, 2GH3.CN + H3SO, H- 4H2O = 2CH3.COOH + 
(NH4)2S04. See Appendix, p. 244* 


Preparation 14- 
Methylamine Hydrochloride, 

Wurtz, Comptrend, 1848, 28 , 223 ; Hofmann, 1882, 14 , 
2725, and Ber., 1883, 15 , 4^7 7^2. 

20 grnis. acetamide 
54 „ (18 c.c.) bromine 

56 „ caustic potash. 

The dry acetamide and bromine are mixed in a flask (|- litre), 
and whilst the mixture is cooled in water, a 10 per cent, 
solution of caustic potash (about 20 grams KOH) is added, 
until the dark brown liquid changes to a deep yellow colour* 
The solution, which now contains potassium bromide and 
acetmonobromamide, is slowly added from a tap-funnel in- 
serted, together with a thermometer, into the neck of a distilling 
flask (i litre). The flask contains a concentrated solution of 
caustic potash (56 grams in 100 c.c. of water), heated to 60 — 70°. 
Heat is evolved, and care must be taken that the rise of tem- 
perature does not greatly exceed the above limits. The reaction 
goes on quietly, and the yellow solution is gradually decolourised. 
The mixture is then digested for a short time at the above 
temperature until the yellow colour completely disappears. A 
few bits of broken pot are now introduced into the flask, which 
is closed with an ordinary cork, and the liquid distilled over 
wire-gauze. The vapours of, methylamine and ammonia, which 
are cooled, are passed by means of a bent adapter, attached to 
the end of the condenser, into dilute hydrochloric acid contained 
in the receiver. Care must be taken that the adapter does not 
dip too far into the acid, or liquid may J)e sucked back into the 
condenser and distilling flask. When the distillate is no longer 
alkaline, and consequently all the methylamine has been driven 
over, the hydrochloric acid solution is evaporated to dryness on 


irrUVL ACK'IA'I'K 


Si 


thr water h.ilh, aial tin* Kjhuirless erystalliiu* rchidue eKtrat'ted 
repeatedly witfi .smaii nuantilies of uhsoliite alcohol, which 
di^^t>h e*. out the iiuahylamiiu* salt from the ammonium chloride. 
From the liot ahoholic solution foliated crystals septirate out 

tin i’oohu;^. 

Hr,. 4' KOH Cl h.CON I Hh* 4- KBr + H.O 

\* rs.uintlr. Ai rtiuoiiuiiritijuimulf. 

( fi,(<)Ninir 4 KOI I CH...N:CO 4* KBr 4~ II./) 

vaiiaU* 

CH,,N:C:() { iiKOli -CIh,NII.. f K/iO.j 

AU’tljylamiiKr, 

/V'e/c/’//c.v. l.arj^f d( 4 i(}uesct‘nt tabi<‘ls, whit 4 i nudl at 22/', 
and suhlime above that lemjH'rature, with slight decomposition. 
l‘lu‘ base is liberat(‘d on warming with caustic soda, as an in- 
tlammablt* gas with strong ammouiacjil smell. See Appendix^ 
p. 245. 

BrKP It RATION 15. 

Ethyl Acetate (Acotic Ktlun*), CIbj.('().()C.dl5. 

S( he(*i(\ CZ/fV/z/cf^/ /ov.sv(g.v\ t7cS2, p. 307 ; Frankland, I)upj)a, 
Phil. I'rans.^ 156 , 37 ; I’abst, Bull. Soc. L'/ilm.^ 1880, 33 , 

‘An, 

50 c.c, cone, sulphurii' ac id. 

50 c.c. absolut<‘ alet>hoL* 

Mixture of etpial \ olumes of glacial acetic acid (100 cxc.) 
aiai absolute* alccjhol ( uh ) c.c.). 

A distilling flask (A Iitre,i is attached to a condenscu* and 
n*c<*iv<*r. 'I’he flask is provided with a <‘ork, through which a 
sc-paraling funnel is insertt*d. 'I'lu* mixture* of 50 c.c. of con- 
c<*nt rated sailphuric: ac id and $0 c.c. of absolute* alcohol is 
poured inic^ tlie flask, wide h is then heated in a bath of paniffm 
wax or fusible metal '• to 140, and kc‘pt at this lempeniture. 
I'he mixture of cnjual volume’s of acetic* acid and iilcohol is 

4 .l/r/Zn/ # 1 * !♦«’ iii.«U*lfi j»r»MiM'lv the ‘uUii*’ way, using mrthyl ulcnlMtl. 
Tli*t f i-. ihrsi fs.M'iiwiiaiiMl .nnl lulji'rtril at ‘,7 Cij", 

3 A Iu-4I4»’ »n«-tal hath ii.v* »h«' ,Hlv,uu.tg«' *»vrr at» niiaiath <if nrittu'r sjurtting nur 
it* lilt: li.il*!*' fin . n i-, ina«lr- by uu liitiHin a small »'*K>kinM pan nnc part 

tit Iruil ami iw«» p.ue. »»i In-amidn 'I'hi-. albty is ifuitl abt»vt’ jyn”. 

C'OHKN’S AOV. P. Cl. f. 
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now added, drop by drop, from the tap-funnel at the speed at 
which the liquid distils, as in the preparation of ether (p. 59) 
When all the mixture has been added, the distillate, which con- 
tains the ester, and also acetic acid, alcohol, ether, and 
sulphurous acid, is shaken in a separating funnel with a strong 
solution of sodium carbonate (50 c.c.) until the upper layer of 
ethyl acetate ceases to redden blue litmus. The lower layer is 
removed as completely as possible, and a strong solution of 
calcium chloride (50 grams in 50 c.c. of water) added, and the 
shaking repeated. The lower layer of calcium chloride is run 
off, and the ethyl acetate carefully decanted from the mouth of 
the funnel into a dry distilling flask. A few pieces of solid 
calcium chloride are added, and, after standing over night, the 
ethyl acetate is distilled from the water-bath with a thermo- 
meter in the neck of the flask. The portion distilling below 
74° contains ether, that boiling at 74 — 79° is mainly ethyl 
acetate, and is separately collected. Yield, 80 per cent, of 
the theory. 

C2H5(0H) + H2SO4 - C2H5.H.SO4 + HoO. 

C2H5HSO4 + CHgXO.OH = CH3.COOC2H5 + H2SO4. 


Properties . — Colourless liquid, with an agreeable fruity smell ; 
b. p. 77° ; sp. gr. 0*9068 at 15°; soluble in about 1 1 pai*ts of 
water ; miscible in all proportions with alcohol, ether, and acetic 


acid. 

Reaction . — Weigh out 20 grams of ethyl acetate, and heat in a 
round flask with three times its volume of aqueous potash 
(iKOH : 3H2O) with upright condenser over wire-gauze'. Add 
a small piece of porous pot to prevent bumping. After an hour 
or so the upper layer of ethyl acetate will have disappeared. Distil 
the product with a thermometer .until the temperature reaches 
100°. Add solid potassium carbonate to .ffiie distillate until no ^ 
more dissolves. Separate the top layer of alcohol and dehydrate 
over fresh potassium carbonate or quicklime. Distil with a 
thermometer and weigh the distillate. Neutralise the alkaline 
liquid, from which the alcohol was fiiit distilled, with dilute sul-'^^^i 
phuric acid, and evaporate to dryness on the water-bath. Break ^ 
up the solid residue, and distil with concentrated sulphuric acid 
(20 c.c.) until the thermometer marks 130°. Redistil and collect 
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between 115° and X2d\ Weigh the distillate. This process 
furnishes an example of /m/ro/vs/s or saponificatioji, 

CH;{.COOQHf., + HA) • - Clhj.COOH + CoH^OH. 

See Appendix, p. 247. 

PrKPA RATION 16. 

Ethyl Acetoacetate (Acetoncetic Ester), 
CH;,CO.CIh..CO.OCJIf.. 

Geuther, /rit/zm/'., 1H63, p. 323; Frankland, Duppa, , P/zz 7 . 
Tram., 1865, 156 , 37 ; Wislicenus, A/ma/en, 1877, 186 , 161. 

200 grms. ethyl ac’ctate. 

20 „ sodium. 

The ethyl acetate, carefully dehydrated as described in the 
previous preparation, is introduced into a round flask (h litre) 
connected with a long upright condenser. 20 grams well pressed 
sodium, cut into thin slices, arc cpiickly added, and the flask 
. cooled in water. After a short time a brisk reaction sets in, and 
ultimately the liquid boils. When the first action is over, and 
no further evolution of luxit occurs, the mixture is heated on the 
water-b.'ith, witliout detaching the condenser, until the sodium is 
completely dissolved. A 50 per cent, acetic acid solution is at 
once added and well shaken, until the liquid is acid (about 
TOO C.C.), and then an equal volume of (‘oncentrated brine. The 
liquid divides into twa> layers ; the iqipcr one, consisting of 
acetoacetic ester and unchanged ethyl acetate, is carefully 
separated. It is distilled over wire-g.'iuxe until the thermometer 
marks 100'’, and all the ethyl acetate has l>ecn removed. The 
distillate is now collected in five fractions (roo 130'', 130 — 135", 

165—175'’, 175 -185'’, 185 200 ). 'Phe fraction distilling at 

* 175—185'’ is nearly })urea(‘etoacetic ester. Yic'ld 30 -40 grams. 
A further quantity may l)e obtained 1 )y redistilling the other 
fractions ; but it is undesiral>le to repeat the process frequently, 
as acetoacetic ester gradually dccomj)oses at the boiling point. 
It is for this reason that Gattennann recommends the fractional 
distillation to be carried out /n 7 au'i/(K 

The brown residue remaining in tlui distilling flask solidifies, 
on cooling, to a crystalline mass' consisting chiefly of dehy- 
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dracetic acid CgH804. . It is converted into the sodium salt l:>y 
boiling with soda solution with the addition of animal chai'" 
coal. The sodium salt crystallises from the filtrate. Oi^ 
adding dilute sulphuric acid, the free acid is obtained as colour" 
less needles ; m. p. 109'". 


1. 2 C 2 H 5 OH + Nao = 2NaOC2H5 + Ho 

/ONa 

2. CILCO.OCoHs + NaOCoH5= CHa.C^OCoH, 

\ocji; 

/ONa 

3. CIl3.cfoCoH5+CIL.CO.OCoIl5=CH3.C(ONa):CH.CO.OCoH5 

\OCoH5 

+ 2C2H5OH. 

4. CIIs.C{ONa):CH.CO.OC3H5 + Co.H402=CH3.CO.CHo.CO.OCorir» 

+ CH3.CO.ONa 


The formation of ethyl acetoacetate occurs, according- to 
Claisen, in four steps. The presence of a small quantity of 
alcohol gives rise to sodium ethylate, which forms an additive 
compound with ethyl acetate. The latter unites with a second 
molecule of ethyl acetate yielding the sodium salt of ethyl aceto- 
acetate, and splitting off alcohol, which reacts with fresh metallic 
sodium. The sodium salt on acidifying passes into the tauto- 
meric (ketonic) form of acetoacetic ester. 

Properties.— XLo\om\&s,s, liquid possessing a fruity smell ; b. p. 
181°; sp. gr. ro3 at 15°. Boiled with dilute caustic potasb, 
the ester decomposes into alcohol, carbon dioxide, and acetone 
(ketonic decomposition), with strong or alcoholic caustic potasli, 
sodium acetate and alcohol are formed (acid decomposition). 

Reactions. — i. Add a drop of ferric chloride dissolved in alcoh ol 
to a few drops of the ester ; a deep violet coloration is produced.. 

2- Add I C.C. of a saturated alcoholic solution of cupric acetate 
to a few drops of the ester, a bluish-green crystalline precipitate 
of copper acetoacetic ester, (CcH903)2Cu, is formed. See 
Appendix, p. 248. 

Distillation in vacuo.— The apparatus is shown in Fig. 56. 
The distilling flask is provided with a thermometer and attached 
to a short condenser and receiver. The receiver consists of u 
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second distillini^' llask, which is tightly altacdicd to the end of 
the narrow condcaiser lul)e, liij;iired at tr and connected 1)\’ the 
side limb by means of {nimp-tuliin^' to a water-jet aspirator and 



incrcLiry-^'au^m. Some small hits of porous pot are ] dared in 
the flask, which is heated in a paraffin bath, anti the ap|)aratus 
exhausted to al.)out 35--4omm. pressurti. At this pressun* etliyl 
acetoacetate lioils at about 90". 'flu^ following table gives tlie 
tem|)cratures corresponding' to different ju'essures 


/. 

min. 

/. 

miiL 

74' . . 

. . . 14 

94" • . 

• • . 45 

79' . . 

. . . 18 

97 ' ■ . 

• • • 59 

88^ . . 

. . . 29 

100 . . 

. . . 80 


The chief inconvenience which attends distillation iniuniio is 
the bumping' of tlie litpiid in the distilling ilask. 'J'liis may be 
moderated or removed l)y varif)us devices, such as the introduc- 
tion of porous pot, capillary glass tubes, cK'c,, or by driving a 
rapid stream of fine air-l>ubl)les through the fuiuid. For this 
purpose a Cd a i sen flask (Fig. 57), may 1 h^ usial with advantage. 
A tube is drawn out into a fine capilkary and is op(‘n at both 
ends, the wide end being attached to a short |)i(‘C(! of rubber 
tubing and screw-clip. This tube is inserted through a cork tn 
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the straight neck of the flask, whilst the thermometer is 
in the second neck, which is attached to the condenser. 
stream of air-bubbles is regulated by the clip. Instead of 



long manometer shown in Fig. 56, a more compact, and, for 
low pressures, a more convenient form is shown in Fig*. 5^- 
If the distillate has to be separated into fractions, it is untde- 
sirable to interrupt the boiling. Various forms of apparatus 
for effecting this object are shown in Figs. 59 — 61. Tlie 
apparatus (Fig. 59) consists of a double receiver a and b ; c and 
e are ordinary two-way taps, whilst ^ is a three-way tap pierced 
lengthwise and crosswise as shown in section at f, THe 



Fig. 60. Fig. 61. 


aspirator is attached to the limb marked with the arrow. Du ring" 
the distillation the taps c and d connect the apparatus witla tHe 
aspirator whilst e is closed. The distillate collects in a. "W'liera 
this fraction is to be removed, c is closed and e is opened. THe 
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lic[uid is there1)y tninsferrod to the second receiver d] c is now 
closed, c is ()])ened iiiul // turned so as to let air into d ; /j may 
now be removed and replaced by a similar vessel and the pro- 
cess rcj)eaUxI. Kii;'. 60 needs little explanation. There arc two 
or more i-eceivers on one stem. r»y rotating' the stem the dis- 
tillate falls into one or other receiver. Fig. 61 consists of a 
vacuum vessel containing" a scries of test-tubes which can be 
moved in turn, under the end of the condenser, by means of a 
vertical axis. It is oftem prc^ferable to heat the distilling" dask 
in an oil or metal bath instead ()f using wire-gauze. Distilling 
tlasks above 250 c.c, ca.pacity should not be used for low pres- 
sures, as they may collapse. l''or higli boiling liquids, or for 
sLibstanc'es wliich may solidify in the condenser, a condenser 
tube witliout water-jacket is used. A con\-enient form of con- 
denser tul;)e is shown at tr, f'ig. 56. It consists of straight tube 
fused on to a short narrow'er tail -piece. In certain cases it is 
found convenient to iustn't the side-tulx^ of the distilling flask 
directly into tlie neck of the receiver (see p. 94). 

PrKI’ARATION 17. 

Monochloracetic Acid, CII.jCI.CO.OH. 

R. Hofmann, An/id/e/i, 1857, 102, i ; Auger, Behai, BulL Soc, 
ChluL, 1889, (3) 2, 145. 

100 c.c. glacial ac(4i(' acid. 

10 grms. sulphur (tlowers). 

Fit up the apparatus shown in Fig. 62.* It consists of a stone- 
ware jar one-third full of pyia)lusite in luinj)s, and fitted with exit 
tube and tai^-funnel,. It is heated on a sand-l)ath over a small 
flame, whilst concentrated hydrochloric acid is allowed to drop 
in from the tai)-fumufl. A rapid current of chlorine is thus 
evolved, which is dried by passing through concentrated sul- 
phuric acid in the Woulff l)ottlo. 'The Woulff bottle has a safety 
and exit tube, the latter being connected with a straight tube 
passing to the bottom of the retort, d'he retort is tilted upwards 
and connected with an upright cf)ndenser, whic:h is furnished 
with an open calcium chloride tube. 'I'he. acetic acid and sul- 
phur are placed in the retort, and hea,tc‘d on tlie water-bath. 
The retort and c(mtents an‘ wi*igiied at the commencement of 
the operation on a rough balance. A rapid current of chlorine 
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is then passed through for six to twelve hours, .and the retort 
occasionally weighed, until the increase in weight (50 grams) 
roughly corresponds to the formation of monochloracetic acid. 
The operation is then stopped. The action of the chlorine is 
greatly facilitated by sunlight. The yellow liquid in the retort 
is decanted from the sulphur into a distilling flask, and distilled 
over wire-gauze. Some acetyl chloride, sulphur chloride, and 
unchanged acetic acid first distil, after which the temperature 



Fig. 62 . 

rises and the fraction boiling at 150*^ — 190'^ is collected separately. 
It is advisable to run the water out of the condenser when the 
temperature approaches 170° as the acid may solidify and block 
the condenser-tube. The distillate solidifies on cooling". Any 
liquid is drained off at once, and the solid is redistilled and col- 
lected at 180’— 190°. It is nearly pure chloracetic acid. Yield 
80 — 100 grams. 

CH3.CO.OH + Cl, = CH2CI.CO.OH + HCl. 

The sulphur acts as a “chlorine carrier” by foi-ming sulphur- 
chloride. 

^r(?p^r//es.~Colomless crystals ; m. p. 63'' ; b. p. • 

readily soluble in water, and deliquescent in moist air. It’ 
causes blisters on the skin. See Appendix^ p. 252. 
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Preparation i8. 

Monobromacetic Acid, CHgBr.COOH. 

Plell, Bcr.^ i88i, 14, 891 ; Volhard, A7inale7i^ 1887, 242, 
14 1 ; Zelinsky, Ber,^ 1887, 20, 2026. 

30 grms. (30 C.C.) glacial acetic acid. 

105 3) (35 c.c.) bromine. 

5 „ red phosphorus. 

All the above substances must be dry. The acetic acid is frozen in 
ice, and any liquid drained off, and the red phosphorus is washed 
with water to free it from phosphoric acid, dried in the steam oven, 
and kept over sulphuric acid in a desiccator until required. The 
bromine is placed in a separating funnel with half its volume of 
concentrated sulphuric acid overnight, and 
then separated. The apparatus is shown in 
63 . It consists of a round flask (250 c.c.) 
attached to an upright condenser, which is 
provided with a cork. A tap-funnel con- 
taining the bromine passes through one 
hole, and a wide bent tube, attached at its 
lower end to a funnel, passes through the other. 

As a large quantity of hydrobromic acid is 
evolved in the reaction, the funnel is made to 
touch the surface of water contained in a 
beaker, whereby it is completely absorbed. 

The phosphorus and acetic acid are placed 
in the flask, and bromine dropped in from the 
tap-funnel.* A vigorous reaction occurs, and 
the liquid becomes very warm. After half 
the bromine has been added the action 
moderates, and the remainder may be run in 
more quickly. When the whole has been 
added, the liquid is boiled gently until the colour of the 
bromine disappears. It is now allowed to cool, and the 
liquid decanted into a distilling flask for distillation i 7 i vacuo. 
Care must be taken not to touch the substance with the hands, 
as even a small quantity produces very unpleasant sores. The 
apparatus for distilling m vacuo is shown in Fig. 56 (p. 85). 
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The distilling, flask is provided with a thermometer, and attachedl 
to a short condenser and receiver. The receiver consists of a. 
second distilling flask, which is tightly attached to the end of the 
condenser and connected by the side limb with pump-tubing to 
a water-jet aspirator and mercury manometer. Some small 
bits of of porous pot are placed in the flask, and the apparatus 
exhausted to about 50—60 mm. pressure. The liquid distils at 
a nearly constant temperature (about 50'^ — 53°), and consists of 
nearly pure bromacetylbromide. The calculated quantity of 
water is added to convert it into bromacetic acid, when the liquid 
forms a solid crystalline mass.”^ It may be purified by distilla- 
tion at atmospheric pressure with condenser-tube only, the 
portion boiling above 165° being collected separately. 

3CH3.COOH -f P -f iiBr - 3CH2Br.COBr + HPO;j -1- sHBn 

Bromacetyl bromide. 

CHjBr.COBr. + HjO = CHgBr.CO.OH + HBr. 

Bromacetic acid. 

Properties . — Colourless crystals; m. p. 50^ — 51°; b. p. 208°. 
See Appendix^ p. 352. 

Preparation 19. 

GlyoocoU (Glycine, Aminoacetic Acid). ^^ 2 \C(^OH 

Braconnot, A 7 in. Chhn. Phys., 1820, (2) 13 , 114; Perkin, 
Diippa, Tra 7 is. Che 77 i. Soc.^ 1B59, 11 , 22 ; Kraut, Annale 7 i.^ 1S91, 
266 , 292. 

50 grms. chloracetic acid. 

50 c.c. water. 

600 c.c. ammonia, 26*5 per cent. (sp. gr. o'poy at 14'’). 

Fit up the apparatus shown in Fig. 64. It consists of a large 
wide-necked bottle, in which the ammonia solution is placed. 
The solution is stirred by a mechanical stirrer, rotated by means 
of a water-turbine. The solution of the chloracetic acid in 50 
c.c. water, is dropped in from a tap-funnel. After standing 
24 hours the liquid is poured into a flask, and the excess of 
ammonia is removed by passing in a current of steam, and 
evaporating at the same time on the wtiter-bath until the last 
traces of ammonia disappear. The solution now contains gly- 
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coroll and ammonium rlilon<k‘. Prccipiialcd ra,rl)onate of copper 
is added to tlirt liot ]i(;[iiid until no further ehcrvescence occurs, 
and some carl)ona,te remains undissolved. It is filtered and 
evaporated down on the water-bath until crystallisation sets in. 
This is determined 1 )y removing' and cooling a small portion in 
a test-tube or watch-glass. 'Hie blue needles of copper g'lycocoll, 
(C.dl4NO^)oCu.Ih/), arc filtered and washed, first with dilute and 
then with stronger spirit, dlie mother licjuor may be further eva- 
porated, and a. fresh cpiantity of crystals obtained. The copper 
salt is dissolvetl in water and precfipitated hot with hydrogen 
sulphide, the free glycocoll })assing into solution. The pre- 
cipitate is filtered and well wasluul, and the filtrate evaporated 




to a small bulk on the water -1 )atii. Crystals of glycocoll 
sej)a.rate out. Yield 15 20 grams. I'he loss is due to the 
formation of di- and triglycolaminic acid, NH(CH.,.COOH)., 
aiKlN(CnT:()()II).j. 

CMX'l.COOH T-Nlf, CMoNIlo-COOn + NH,,C1. 

Properties. La,rge monoclinic crystals ; discoloured at 228'^ ; 
m.p. 232-236''’ ; scarcely soluble in alcoliol and ether, readily 
soluble in water (r |)art glycocoll in 4 parts water). 

Reaction.— \. Add a drop of coj^per sul|)hate to a solution of 
glycocoll, and notiett tlu* bhu^ ('olour of the cop|)er salt. 

2. Add a drop of ferric chloride to the solution. It gives a 
deep red colour. Sec A/^pe/ittiXy j). 254. 
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Preparation 20. 

CH2.NH,.HC1 

G-lycocoll Ester Hydrochloride, i 

CO.OC2H' 

Klages, Be7\^ 1903, 36 , 1506, Hantzsch and Silberrad, 

1900, 33 , 70- 

250 c.c. formaldehyde solution (40 per cent.). 

90 grams ammonium chloride (powdered), 
no „ potassium cyanide (in 200 c.c. water). 

63 c.c. glacial acetic acid. ' 

The first part of the process consists in the preparation of 

methyleneamino-acetonitrile. 

NH4CN + 2CH20 = CH2:N.CH2CN + 2 H 2 O, 

The formaldehyde and ammonium chloride are mixed in a 
wide-necked glass jar cooled in a freezing mixture and 
stirred by means of a stirrer as shown in Fig. 64. When the 
temperature falls to 5° the potassium cyanide solution is slowly 
run in from a tap-funnel during three hours, the temperature 
being maintained below 10°. When half the cyanide solution 
has been added the ammonium chloride will have com- 
pletely dissolved. Whilst the second half of the solution is 
being added, 63 c.c. of glacial acetic acid are dropped in from 
another tap-funnel at about the same rate, whilst the tempera- 
ture is kept below 15°. As soon as the acetic acid is 
added a white crystalline substance begins to separate and 
gradually fills the liquid. The stirring is continued for another 
hour after the solutions have been added. The crystalline mass is 
filtered, washed with water and dried. The yield is 60 — 70 grams. 
Methyleneamino-acetonitrilemelts at 129°. Itmaybe recrystallised 
from alcohol, but is usually pure enough for further treatment. 

On hydrolysis in presence of alcohol it breaks up into glycocoll 
ester hydrochloride, ammonium chloride and formaldehyde. 

C HorN. CHoCN + 2H2O + CoU.OU + HCl = (I~ICl)NHo. CHo. COOCoHg 
+ NH4CH-CH2O. 

Twenty-five grams methyleneamino-acetonitrile are added to 
170 cc. of absolute alcohol previously saturated in the cold 
with hydrogen chloride. 
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Preparation of Hydrogen Chloride.— A filter flask 
(Jj litre) is fitUHl witli a rulfl:)cr cork, through which a tap- 
funuel is inserted. The flask is filled one-third full of con- 
centrated hydrochloric acid and is attached to a wash-bottle 
containing a little concentrated sulphuric acid. A delivery 
tube is attached to the wash-bottle. The hydrogen chloride is 
generatedbydropjfing concentrated sul- 
phuric acid from the tap-funnel into the 
flask containing the hydrochloric acid. 

As the gas is rapidly absorbed by the 
alcohol and may in consequence run 
back into the wash-bottle, it is advis- 
able to run in the acid rather more 
quickly at the beginning than is neces- 
sary later on and to generate the gas 
for a short time before passing it into 
the alcohol. The apparatus is shown 
in Fig. 65. 

When saturated, the mixture is boiled Pig. 65. 

for an hour with reflux condenser on 

the water”l)ath and filtered hot from the ammonium chloride 
which remains undissolved. On cooling, the greater portion of 
the ester liydrochloridc crystallises. A further quantity may be 
obtained by concentrating the mother liquors. Yield 30 — 35 
grams. 

Pr(>/h'r!ics. - Colourless needles j m. p. 144'^, soluble in hot 
alcoliol, very soluble in water. 

Glycocoll Ester Hydrochloride from Gelatine. 

Mix 100 grams commercial gelatine or size with 300 c.c. con- 
ccntralcid hydrochloric ;icid and shake until the gelatine is nearly 
dissolved ; then add a few fragments of porous pot and boil 
over wire gauze with reflux condenser for four hours. The 
dark coloured jn’cjduct is now evaporated on ; the water-bath 
under diminished pressure in the apparatus shown in Fig. 66. 

It consists of two distilling flasks (i litre) fitted together by 
rubber corks, the one acting as distilling flask and the other as 
receiver. I'be receiver which is cooled by a stream of water 
is attached to a water-jet aspirator. A long capillary, which 
nearly touclies the bottom of the flask, is inserted through the 
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cork of the distilling- vessel. It serves to agitate the liquid 
by introducing a stream of fine air-bubbles which keep it 
in constant motion. When the water is removed as far 
as possible, the residue, which forms, on cooling, a thick 
viscid mass, is mixed with 500 c.c. absolute alcohol. It is 
heated on the water-bath with reflux condenser for a short time 
with the addition of a little animal charcoal and filtered. The 
alcoholic solution is cooled in ice and saturated with dry 
hydrogen chloride (see p. 93). The liquid is then boiled for 



half an hour on the water bath, cooled, and, after dropping in a 
crystal of the substance, left overnight. Glycocoll ester hydro- 
chloride crystallises in colourless needles (m. p. 144°) and is 
filtered and washed with a little alcohol. Yield 10—15 grams. 


Preparation 21. 


Diazoacetic Ester, 


.N 
CH( II 
I \N 
COOCoH. 


Curtius, y. prakt Chtvn., 1888, 38, 401 ; Silberrad, Trans, 
Chem. Soc., igo2, 81, 600. 

25 grams glycocoll ester hydrocMoride (in 50 c.c. of water). 

18 ,, sodium nitrite in fine powder. 


DTAZOACKTIC ESTER 
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The g'lycocoll ester and sodium nitrite are shaken together in 
a separating funnel (250 c.c.) until the nitrite is dissolved, a 
little water being added if necessary. Fifteen c.c. of ether are 
poured into the lunnel, and when the temperature has sunk to 
about 5' , two or three drops of a ten per cent, sulphuric acid 
solution are added. 'I'he mixture is now well shaken for a 
minute and the ac[ueous layer drawn off into a flask standing in 
ice whilst the yellow ethereal solution, separated as completely 
as possible from water, is poured from the neck of the funnel 
into a dry flask. 'Fhe aqueous portion cooled to 5° is returned 
to the funnel and the ]jrocess is repeated five or six times with 
fresh c|uantities of ether, a few drops of sulphuric acid being- 
added eacli time before shaking, and the yellow ethereal layer 
separated, until the ether is only slightly coloured. 

The united ethereal extracts are shaken with very small 
quantities of sodium carbonate solution until no more carbon 
dioxide is evolved and the solution remains alkaline. The 
ether solution is then thoroughly dehydrated over calcium 
chloride over-night and the ether carefully removed on the 
water-bath, which should not be heated to boiling. When most 
of the ether has been distilled off, the flask is taken from the 
water-bath and the rennainder of the ether removed by blowing 
air over the surface of the liquid. Yield about 15 grains. 

ll(:i.NnXIl,.C()(X:jIrH-NaNO.^=rNXIT.COOCoH5-l-NaCl^ 

Properlics, — Deej) yellow liquid which explodes on boiling ; 
but distils nndccomposed under diminished pressure. 

Read i 0)1 s. -- a droj) of the diazoacetic ester to con- 

centrated sulphuric acid. It decom]K)ses explosively. Heat a 
few c.c. of the ester in turn with water and alcohol. Nitrogen 
is evolved wilh the formation of glycollic ester in the first case 
and ethyl glycollic ester in the second. 

N .,C H . C: r, 1 1 ..C) - C 1 1 ..0 1 1 .COO C.,H 5 -h N a- 

Add an ethereal solution of iodine. Nitrogen is evolved and 
iodacetic est<n' is formed. Heat a little of the ester with 
concentrated hydrochloric acid. Nitrogen is evolved and 
chloracetic ester is formed. Cradually add five grams of the 
diazoacetic ester to a solution of 8 grams of caustic soda 
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dissolved in 12 c.c. of water heated on the water-bath. A 
vigorous reaction occurs and yellow crystals of sodium bis- 
diazoacetate are deposited. Cool, add 10 c.c. of spirit, and 
filter and wash with spirit. 


.N = N 

2CHNo.COOC2H5 + 2NaOH = COONa.CH< >CH COONa 

\N = n- 


See Appe 7 idix^ p. 255. 


Preparation 22. 


Diethyl Malonate. 

Conrad, Annalen^ 1880, 204 , 126; W. A. Noyes, A 7 ner. 
Chem,J.^ 1896, 18 , 1105. 

50 grms. chloracetic acid (in 100 c.c. water) 

40 „ potassium carbonate 

40 „ potassium cyanide (in powder) 

The solution of chloracetic acid is poured into a wide basin 
(20 cm. diam.), and whilst the mixture is heated to 55 — 60° 
potassium carbonate (40 grms.) is added until the evolution of 
carbon dioxide ceases and the liquid is neutral. A solution of 
potassium chloracetate is thus obtained. Potassium cyanide 
(40 grms.) is now added and well stirred.'^ When the first 
reaction is over, the contents of the basin are cautiously heated 
on the sand-bath, whilst the mass is continn^ously stirred with a 
thermometer until the temperature reaches 135°. The brown 
semi-fluid mass is allowed to cool and stirred whilst solidifying, 
and then quickly broken up into coarse powder and introduced 
into a round flask (J litre). The potassium cyanacetate which has 
been formed is now converted into the ester, and at the same 
time hydrolysed by boiling with sulphuric acid. Absolute 
alcohol (20 c.c.) is gradually added with shaking, and the flask 
is then mounted on a water-bath and attached to a reflux con- 
denser. A cold mixture of 80 c.c. absolute alcohol and So c.c. 
concentrated sulphuric acid are added in the course of about ten 
minutes, and the flask heated for one hour on the water-bath. 
The mixture is cooled quickly, 100 c.c. of water added, and any 
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insoluble inntler tillered off. 'I'he tiller is washed several times 
with smalUjLiaiuities of ether, and the tilti-att? shaken iij) with the 
ether and sejiarated. 'The liltrate is shaken up rt‘peatedly '.\'ith 
fresh ether until tlic ester is completely’ sepai'ated, and the united 
ethereal extracts iVeccl from acid liy shakini^’ with a stroip^' solu- 
tion of sotliuin carbonate until the latter remains alkaline. 'I'he 
ether extract is then separated, dehydrated with calcium chloride, 
and the ether removed on the water-bath, 'file residual ester is 
distilled under reduced i)ressure. Yield 45 -50 grains. 

ciIoCicook: i- kcn )()K.}- kci 

cii..(.:n.C001\ i-2C..ii,/jii -i 2i k.s( >, ('n.,(c;{ » x'jh).. i k list >1 

I N'lfdlSOi. 

/bvy>cr//<x —C^ilourless li([uid ; b. j). 195 ' ; sp, -^r. rob.S at rS’* 
See Appendix^ p. 256. 

hUKPAR.Vl'IDN 23. 

Ethyl Malonic Acid, Cd I.-,. CM ( 

Conrad, Afinalcn^ itS8o, 204 , 134. 

16 X'rixs. ethyl nndonate 
25 „ (32 c.c.) absolute tdcohol 

2 ’3 „ sodium 

20 „ etliyl iodide. 

Sodium ethylate is lirst. jirepared by dissolving 2*3 prams 

sodium in 25 prams alcohol, and tlu‘ reaction (‘ompleted, if 
necessary^, on the water-bath as describ<‘d on p. <83. Whilst 
the product is still sliphtly warm, ib prams malonic (‘slt'r aie 
added from a tap-funnel, 'fhe licpiid remruns chxirat lirst, but 
before the ester lias all b(,‘en added a while crystalline body 
(sodium ethyl malonate) s(4)arates out, and soon the whole 
solidifies. To the solid mass 20 prams ctliyl iodide are slowly 
added. The mass softems and, after continued shakinp, com- 
pletely liquefies with evolution of Insat. 'Hie ju'odud is now 
heated on the water-bath, when it bec’omes turbid from tin* 
separation of sodium iodide in the form of a fin(‘ powder. After 
one and a halt hours the licjuid <*eases to be alkaline ami tin; 
reaction is complete, 'riie alcohol is distilled off from a brine- 
bath (water saturated with coiimiun salt) (in the addition of 
COHEN’S AD V. a. u. C. H 
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water to the residue an almost colourless oil separates out. Xlie 
oil is removed by extraction with ether, dehydrated over calcium 
chloride and distilled. When the ether has been driven off, 
almost the whole of the residue (ethyl diethyl malonate) passes 
over at 206 — 208^. Yield about 15 grams. 

CPl2*{CO.OC,H5)2 + NaOCoIig = CHNaCCO.OCoIig).^ + CoH^OHi 

Sodium ethyl malonate. 

CHNa(CO.OCjH5), +C2H5I = CHlQHs) (CO.OCaHs)^ + Nal 
Ethyl malonic ester. 

Properties . — Colourless liquid with an agreeable fruity smell ; 
b. p. 207^, sp. gr. i‘oo8 at iS"^. 

To obtain the free acid, the ester is hydrolysed with 
caustic potash. To 15 grams caustic potash in strong’ 
aqueous solution, 10 grams of the ester are slowly addecl 
from a tap-funnel. At first an emulsion forms, which soon 
solidifies to a white mass. This is heated on the water- 
bath with frequent shaking for about three-quarters of a.n 
hour, untihit becomes completely liquid. The hydrolysis is 
then complete. The product is diluted with a little water, 
neutralised with concentrated hydrochloric acid, and the free 
acid precipitated with a strong solution of calcium chloride 
as the calcium salt. This is separated from the solution, by 
filtration and concentrated hydrochloric acid added to tlie 
calcium salt. From the acid solution the free ethyl malonic: 
acid is extracted by shaking with ether. After evaporating' 
off the ether, the acid remains behind as a syrup, wbicli 
solidifies when cold. This is redissolved in water, boiled 
with a little animal charcoal to free it from any adhering 
colouring matter, filtered, and evaporated to syrupy con- 
sistency on the water-bath. The colourless acid crystallises 
on cooling. Yield about 5 grams. 

aHgCHrCO.OCoHs).^ -h 2KOH = aH5CH(COoK)o + 2C2FI5OII 
C2HgCH{Cb2K)2-{-2HCl = CoHgCHfCO^H)^ + 2KCI. 

Ethyl malonic acid. 

Rhombic prisms; m. p. iir5°, easily soluble in 
water, alcohol, and ether. 

Reaction. — i. Heat a gram or two of the acid in a test- 
tube over a small flame and have at hand a second test-tribe 
one-third full of lime water. The acid decomposes at ibo ' 
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into butyric acid and carbon dioxili^. jJVben the effervescence 
begins to slacken, decant the »as Xownj^rds-i nto th e . 
tube of lime-water, shake up and noti^fe-^^tlTe' 
acid which remains will have a strong smelT''*of*b4^ty.rk---acid, 

CoH^CH(C02 H).= C3H7CO.OH + CO2 
See Appendix^ p. 256. 

Chloral Hydrate, CC13 .CH<^q^ 

Liebig, A7tnale7i^ 1832, 1 , 189; Dumas, Aim. Chiiii. Phys. 
1834, 56 , 123. 

Chloral hydrate is obtained by the action of chlorine upon 
ethyl alcohol. The solid chloral alcoholate is formed, 
CCl3.CHOH.OC.2H5, which, when decomposed with sulphuric 
acid, yields chloral, CCI3.COH, a liquid which combines with 
water to form the crystalline hydrate. 

Properties. — It crystallises in prisms, which dissolve easily in 
water, alcohol, and liquid hydrocarbons. It has a peculiar 
smell ; m. p. 57^ ; b. p. 97*5° It volatilises on evaporating its 
aqueous solution. 

Reactions. — i. Add a few drops of a solution of chloral 
hydrate to a little ammonio-silver nitrate solution and warm. 
Metallic silver will be deposited. 

2. Add a little caustic soda to a solution of chloral and warm 
gently. The heat of the hand is sufficient for the purpose. A 
smell of chloroform is at once apparent, CCl3.CH(OH)2 + 
Na0H==CHCl3-l-HC0.0Na + H20. Sodium formate remains 
in solution. 

3. Add a few drops of ammonium sulphide solution and warm 
gently. A brown colouration or precipitate is formed. 

Preparation 24. 

Trichloracetic Acid, CCl 3 .CO.OH. 

Dumas, Coiiipt. rend.., 1838, 8, 609 ; Clermont, Ann. Cliiiih 
Phvs., 1871, (6), 6, 135. 

25 grms. chloral hydrate 

20 3, fuming nitric acid ; sp. gr. i *5 (see p. 20). 
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The chloral hydrate is melted in a distilling flask (250 c.c.) and 
the fuiiiing nitric acid added.^ The mixture is heated carefully 
over a small flame until the reaction sets in. After a few 
minutes red fumes are evolved, consisting mainly of nitrogeia 
tetroxide. The reaction proceeds without the application of 
heat, and is complete when, on warming the liquid, nitrous 
fumes cease to come off. The product is now distilled ; below 
123'" excess of nitric acid distils; between 123"' and 194° n. 
mixture of trichloracetic acid and a small quantity of nitric acid 
pass over, and at 194—196° nearly pure trichloracetic acid 
collects in the receiver and solidifies on cooling. It is advisable 
to distil the last fraction with a condenser-tube only. The 
fraction boiling at 123—190° is treated with a fresh quantity of 
fuming nitric acid (10 c.c.), and the product- purified as before. 
Yield, 10—15 grams. 

CCI 3 .CO.H + 0 = CClj.C0.0H. 

Properties.— Colourless, rhombohedral crystals ; m. p. 52^^ ; 
b. p. 195°. See Appendix, p. 257. 

Preparation 25. 

CO.OH 

Oxalic Acid, | +2H0O 

CO.OH 

Scheele (1776), Naumann, Moeser, Lindenbaum, J. p?'(:i^'/. 
Chem. 1907, 75 , 146. 

140 C.C. cone, nitric acid. 

20 grins, cane sugar. 

0*1 grm. vanadium pentoxide. 

The nitric acid is warmed gently on the water-bath in a larg»'0 
flask ( I litre) with the addition of the vanadium pentoxide. It is 
then placed in the fume cupboard and the cane sugar at onc<* 
added. As soon as torrents of brown fumes begin to be evolved, 
the flask is placed in cold water. After the reaction has ceased tli 
liquid is left for twenty-four hours when colourless crystals of 
the acid separate. A further small quantity may be obtained 
from the mother liquor on standing. The crystals are drained on 
a small porcelain funnel without filter paper, and recrystallised 
from a ver>^ small quantity of water. Yield, 1 5 — 20 grams. 
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/V7>/r/'//V.s'. ~ Col()urle.ss crystals, which, on hcalin^• to loo', 
lose tlicir watcM- of crystallisation, melt, ami then {tartly suf)linic 
and partly decompose, ^ivinj^’ off ('arl:)on dioxide and formic 
acid. M. p. of the hydrated crystals 101*5'', Soluble in water 
and in alcohol, very slightly soliilile in ether. 

u Soil a little of the acid with annnonia solution 
until neutral, and add cahauin chloride solution. A white pre- 
cipitate of the calcium salt is olitained, which is insoluble in 
acetic acid. 

2. Add to a solution of the acid a few drops of dilute 
sulphuric acid, and warm gently. On addiiiL;- iierman^anate 
solution it is immediately decolourisc^d, 5(^jl loO.j-t-eKMnO.jH- 
3lh.SO.^- ioCO., + 8II./)H- K..SO,,-P2MnSO^.“ 

3. 1 1 eat two or three g rains of th<‘ crystals with about 5 c.c. con- 
centrated sulpliuric acid. Rapi<i (‘flervescence occurs, and the 
gas may 1)0 ignited at tlie mouth of the tube, tbl hO., - I h >0 = 
CO + COo. Sec Appendix^ ]). 257. 


PRKfARATION 26 

co.ocn.. 

Methyl Oxalate, | 

CO.OCIl;, 

Dumas, Peligot, yf;///. Chiifi. Phys.^ 1*^3^5 58 , 44; iLrlenmcycr, 
Rep. Pharm. (2), 23 , 432. 

70 grins, crystallised oxalic a(*id 
50 „ (63 (xc.) inetliyl alcohol. 

The oxalic acid is ])owdered and heated in a, basin on a water- 
bath, which is kept boiling briskly, until no more water is given off 
(one to two hours). It must l)e occasionally stirred and ])ow<lcrcd 
up. It is then healed to 1 10 120'^ in an air-bath or in a V^ictor 

Meyer drying ajiparatus (se(‘ p. 27) until it loses the weiglit 
corresponding to two molecuh's of wattu*. If the Viitor Meyc'r 
apparatus is used, amyl alcohol, b. p. 132', should be pla<'ed in 
the outer jacket. 

The dehydrated and powdered oxalic acid is mixed with the 
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methyl alcohol, and the mixture heated on the water-bath for 
two hours with an upright condenser. The liquid is then distilled 
with a thermometer. When the temperature rises to ioo° the 
receiver is replaced by a beaker, and the water-jacket of the 
condenser removed. The thermometer rises rapidly to the 
boiling-point of methyl oxalate, i6o — 165°, and the distillate 
solidifies in the receiver. It is drained at the pump and dried. 
It may be recrystallised from spirit. Yield, 20—25 grams. 

C,H.A + 2CH,0H = CA(0CH,),-f2H,0. 

Propa'fics. — Colourless plates ; m. p. 54° ; b. p. 163'^ 

Reactions —Y ox this purpose the alcoholic mother liquor from 
the crystals may be used. 

1. Add a little caustic potash solution. Crystals of potassium 
o.xalate are deposited. The ester is hydrolysed. 

2. Add a few drops of concentrated ammonia. A \^'hite 
crystalline precipitate of oxamide is formed, C^O^OCHg).,-!- 
3NH3 = C202(NH2)2 + 2CH30H. 


Preparation 27. 

Glyoxylic Acid, CHO.COOH-pHsO. 

Glycollic Acid, CH2OH.COOH. 

Tafel and F'riedrichs, Per., 1904, 37 , 3187 ; Cejiiralblait \ 1905 
11, 1699. 

20 grms. oxalic acid (in fine powder). 

100 c.c. sulphuric acid (10 per cent.). 

The process is one of electrolytic reduction and the apparatus 
is similar to that shown in Fig. 77, p. 144. It consists of a sm-iLll 
porous cell (8 cm. x 2 cm. diam.) surrounded by a narrow bealc cr 
(ii cm. X 6 cm. diam.). The oxalic acid, mixed with 100 c.e. 
10 per cent sulphuric acid (titrated against standard baryl;i 
solution) forms the cathode liquid and is placed in tlit* 
beaker. The porous cell is filled with the same strength of 
sulphuric acid and forms the anode liquid. The electrodes m'o 
made from ordinary clean sheet lead. The anode consists of 
thin strip projecting about two inches from the cell and. tiao 
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cathode is made from a rectangular piece 10x15 cm. with a 
long tongue, the square portion being bent into the form of a 
cylinder surrounding the porous cell, and the projecting tongue 
serving as attachment to the circuit (see Fig. 77, p. 144). It is 
advisable to reverse the current before use so as to produce a 
metallic surface. 

The whole apparatus is placed in a good freezing mixture. 
The electrodes are connected in circuit with an ammeter and 
resistance as described on p. 1 44. The reduction requires theoreti- 
cally 9 ampere-hours and the strength of current may vary 
between moderately wide limits (2 — 6 amperes) per 100 sq. cm. 
of cathode sui-face. The cathode liquid should be frequently 
stirred so as to bring the suspended ^oxalic acid into solution, 
and, as the yield of glyoxylic acid depends on efficient cooling, 
it is important that the temperature should not exceed 10°. If 
the temperature is allowed to rise, glycoHic acid is formed. 
The glyoxylic acid is separated as the calcium salt. The 
cathode liquid is poured into a basin and the sulphuric and 
unchanged oxalic acid precipitated with standard baryta solution. 
The mixture is filtered and the filtrate is concentrated m vacuo 
at 60° (see p. 94), neutralised in the cold with calcium 
carbonate, boiled up for a short time and filtered. As calcium 
glyoxylate is only slightly soluble in cold water (i part in 140 
of water at i8“) the greater portion crystallises on cooling. If 
calcium glycollate, which is much more soluble, is present, it 
may be separated from the filtrate by concentrating the solu- 
tion on the water-bath and precipitating with spirit. To obtain 
free glyoxylic acid, the calcium salt is dried and suspended 
in water, the calculated quantity of oxalic acid added and the 
mixture filtered. The filtrate is evaporated in a vacuum 
desiccator, when the glyoxylic acid remains as a viscid liquid 
which may crystallise on long standing, 

COOH.COOH 4- hh, = CHO-COOH + H^O. 

Properties , — Crystallises in rhombic prisms ; very soluble in 
water. 

Reactions .— Adda few drops of the acid solution or solu- 
tion of the calcium salt to a few c.c. of ammonia-silver nitrate 
and warm in hot water. A silver mirror is deposited. 

2. To the acid, neutralised with potassium carbonate, or to the 
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solution of the calcium salt, add a solution of phenylhydrazine 
acetate and a little sodium acetate. The phenylhydrazoiie 
separates on standing in minute yellow crystals, which can 
recrystallised from alcohol. The neutral salts also coinl^ine 
with sodium bisulphite and hydroxylamine. 

Qlycollic Acid. If it is required to convert the oxalic a-cic! 
completely into glycollic acid, the same method is employed as 
described above, but the temperature is raised to 35° and tbe 
number of ampere-hours is doubled. The separation is effected 
as the calcium salt and precipitated with alcohol as already 
described. 

COOH.COOH + 2H2 = CHgOH + COOH -h Hp 

P roper fies.— Cry sidls m. p. 79 — So'’; very soluble in water. 
The air-dried calcium salt contains three molecules of water of 
crystallisation and is soluble in 80 parts of water 1 5°, and in 1 9 
parts at 100°. See Appendix^ p. 258. 

Preparation 28. 

Palmitic Acid, C15H31CO.OH. 

Fremy, Annalc 7 i^ 1840, 36 , 44. 

30 grins, palm oil. 

24 „ caustic potash. 

The caustic potash is dissolved in its own weight of water. 
The palm oil is melted in a large basin on the water-loatli, 
and the potash solution added with constant stirring. Tlitt 
mixture is heated for half an hour. Half a litre of boilings 
water is poured in, and, after stirring well, 75 c.c. concentrated 
hydrochloric acid are gradually added, and the heating con- 
tinued until the palmitic acid separates out as a transparent 
brown oil on the surface of the liquid. It is allowed to cool, and 
the cake of impure acid removed and pressed between filtei"- 
paper. The acid is now melted in a small basin on the watci"- 
bath and decanted, from any water which may have separated, 
into a retort (250 c.c.). It must be distilled in vacuo. TTic* 
neck of the retort is fixed into a small filtering tube, which serv’c-n 
as receiver, as shown in Fig. 67. A few small pieces of unglaze^l 
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pot are dropped into the retort, the tubulus of which is closed 
with, a cork holding a thermometer. Before commencing the 
distillation the apparatus should be tested to see that it is air- 
tight. It i^is then evacuated with the water pump (See Fig. 35, 
p. 44), and the distillation commenced. 

During the distillation it is advisable 
to hold the Bunsen and to heat the 
retort with the bare flame. Under a 
pressure of 36 mm. the acid distils at 
245A The pale yellow oil which col- 
lects in the receiver is poured out 
into a basin whilst hot and allowed to 
cool. The cake of acid is spread on 
a porous plate and left to drain, 
when it becomes nearly colourless, 
and, after one or two crystallisations 
from small quantities of spirit, is pure, and melts at 62”. 
Yield about 20 grams. 

The aciueous portion from which the cake of acid is removed 
contains free hydrochloric acid, potassium chloride, and glycerol. 
The latter may be obtained by evaporating to dryness on the 
water-bath, and extracting the residue with small quantities of 
alcohol, which dissolves out the glycerol. On evaporating the 
alcohol impure glycerol is left. 

CHo.O.CO,C,,H,, 



Fig. 67. 


CH.O.COCi^^Hs^ -1- 3KOH = 3 Ci,H3iCOOK -f C3'H5(OH)3 

I Potassium palrnitate. Glycerol. 

CH2.0.C0.Cj5H3i 

Palmitin. 

Q5H31COOK + HCl = Ci^HsiCOOH + KCl. 


Properties . — Crystallises in tufts of colourless needles ; m. p. 
62'^ ; soluble in alcohol and ether ; insoluble in water. 

Reactions . — i. Dissolve a small cpiantity of the acid in caustic 
soda solution and add salt. Sodium palrnitate separates as a 
curdy white precipitate. 

2. Boil another portion of the acid with caustic soda and let it 
cool. Pour off the liquid from the crust of sodium palmi- 
tate, which forms on the surface, wash once or twice with 
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a little cold water, and dissolve the sodium salt in hot 
water. On cooling, a thick gelatinous mass of sodium 
palmitate separates. See Afpetidix^ p. 258. 

Glycerol (Glycerin), CRo(OK).CH(OU).CHpOR) 
Scheele, Opusc.^ I779, 2 , 175. 

Glycerol is obtained by the hydrolysis of fats and oils, and 
purified by distillation under reduced pressure with superheated 
steam. 

Prope 7 'iies. — A viscid, colourless liquid, with a sweet taste ; m. p. 
17°, b. p. 290^^. It boils, under ordinary pressure^ with partial 
decomposition forming acrolein ; sp. gr. 1*269 12°; miscible 

with water and alcohol ; insoluble in ether and the hydrocarbons. 

Reactions, — i. Heat a few drops of glycerol with some powdered 
potassium hydrogen sulphate. The irritating smell of acrolein 
is at once perceptible. 

2. Make a borax bead and dip it into a solution of glycerol 
and bring it into the flame. A green colouration due to boric 
acid is produced.. 


Preparation 29. 

Formic Acid, H.CO.OH. 

Berthelot, An 7 t. Chini. P/y/j*.,' 1856, (3) 46 , 477 ; Lovin, Bull, 
Soc. Chim,, 1866, (2) 5 , 7 ; 1870, (2) 14 , 367. 

50 grms. anhydrous glycerol. 

200 „ oxalic acid (in four portions of 50 grams). 

The glycerol is dehydrated by heating it gently in a basin on 
a sand-bath until a thermometer with the bulb immersed in the 
liquid indicates 175®. Fifty grams of commercial crystallised 
oxalic acid and 50 grams of glycerol are heated in a retort 
(250 c.c.) over wure-gauze, with condenser and receiver. A 
thermometer is fixed through the tubulus with the bulb in the 
liquid. The reaction begins at about 80'’, and at 90''^ proceeds 
briskly, carboa dioxide being evolved. The temperature is main- 
tained at 105 —I until the evolution of gas has slackened. 
Some aqueous formic acid has meanwhile collected in the 
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receiver. The contents of the retort are now cooled to 
about 80"^ and a further 50 grams of oxalic acid added. The 
reaction recommences on heating with the formation of aqueous 
formic acid, which becomes more concentrated with each fresh 
addition of oxalic acid until the distillate eventually contains 56 
]:)er cent, of acid. The other portions of oxalic acid are added 
in the same way. In order to regain the formic acid which 
remains as monoformin in the retort, the contents are trans- 
ferred to a round flask, diluted with about 250 c.c. of water 
and distilled in steam, until the distillate has only a faintly acid 
reaction (about 250 c.c.). 

Distillation in Steam. — The apparatus for distilling in 
steam is shown in Fig. 68, A large flask, or, preferably, a i gallon 



tin is closed by a double bored cork. A safety-tube passes 
through one hole, and a bent tube which terminates below the 
cork passes through the second hole, and is attached by rubber 
tubing to the inlet-tube of the distilling flask (i litre). The 
flask is sloped to prevent the contents being splashed over 
into the condenser. It is heated on the sand-bath or asbestos 
board to boiling, and steam passed in. The united distillates 
are poured into a l^asin and neutralised by adding lead car- 
bonate until, on heating, no further effervescence occurs. The 
liquid is now left for a moment to settle, and the clear solution 
decanted, whilst hot, through a fluted filter. The residue in the 
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basin is boiled up again with a volume of water equal to that j 
decanted, and again a third and fourth time, and filtered hot I 
each time until no more lead formate is dissolved. Xhie U‘;id | 
formate will have now passed into solution and the liquid is then i 
evaporated down on a sand-bath or rin^- I 
burner (see Fig. 69), until crystals j 

on the surface, when the liquid is | 

one side to cool. Lead formate cryst.ai- ; 

lises out in long white needles. Vield 

about 150 grams. In order to o1:>tain 
pure formic acid, hydrogen sulphiidt^ is 
passed over the heated lead salt. 1 
carried out as follows : — 

The powdered salt, dried on the 
bath, is introduced in a long layer into a sloping wide tiiln.s 

loosely stopped at the lower end by a plug of glass wool or 

asbestos.* To the lower end of the tube a receiver, in th e 
of a distilling-flask, is attached, which is protected from moist ure , 
by a drying-tube. The salt is heated gently by moving flaiuu 
along the tube whilst hydrogen sulphide, washed through wxit 
and dried by passing through a U-tube containing calcium clilot- 
ide, is led over the salt in not too rapid a stream. The ]t*ad 
formate blackens, and is slowly converted into lead sulphide ; t ltd 
formic acidjwhich drops into the receiver. The acid, which retains ; 
a strong smell of hydrogen sulphide, is freed from the latter hy f 
distillation over a little dry lead formate. Yield is laearly [ 
theoretical. 

c.,H 3(0H)3+ an A= CsHjfJ + co ,+ h , o . 

Glycerole monoformin. 

+ H20 = HC0.0H + C3Hi;(OH)3. 

Formic acid. 

Properties . — Colourless liquid, wdth a penetrating’ smell i‘c*- 
sembling sulphurous acid; b. p. 100"; sp.gr. r223 ato^; solidilii-s ^ 
below oMo colourless crystals; m. p. 8-6°; soluble in water and | 
alcohol. I 

Reactions.— Y ox the followdng tests use a neutral solutiori jirt*- j 
pared as follows : — Boil a little lead formate with a sohitioii €?( j 
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sodium caiLonate, filter, ridd a slight excess of nitric acid, boil a 
minute, add dilute amnionia and boil until neutral, i. Add 
a drop of fcuaic chloride. A red colouration is produced, 
which, on boiling, liecomes turbid from the formation of basic 
ferric formate. (Compare acetic acid, p. 74.) 

2. Add to the solution a few drops of a solution of silver 
nitrate and warm. Metallic silver is deposited as a black powder. 

3. Add to the solution a few drops of a solution of mercuric 
chloride and warm. White mercurous chloride is deposited. 

4. Add concentrated sulphuric acid to a little formic acid, 
solid lead formate, or other salt and heat. Carbon monoxide 
is evolved, and may be lighted at the mouth of the test-tube. 
(U COO).,Pb -f - 1 1.SO,i VhSO.i + 2I-LO -h 2CO. See Appendix, 
p. 259. 

IfRIcl’AKATION 30. 

Allyl Alcohol, ClI.nCiJ.CH.OH. 

Tollcns, Ilcnninger, Annalcn, 1870, 156 , 129. 

50 grms. oxalic acid. 

200 „ glycerol. 

„ ammonium chloride. 

A mixture of the above substances is heated in a retort 
(o litre) over wire-gauze with condenser and receiver.*^' A rapid 
evolution of carbon dioxide at first occurs, and the temperature, 
indicated by a thermometer dipping into the lic|uid, remains for 
some time stationary at about 130". As the temperature slowly 
rises the evolution of gas slackens, and after a time (at about 
180') entirely ceases. When the temperature has reached 195'^ 
the receiver, which contains actueous formic acid, is changed. 
At 200 — 2io‘^ carbon dioxide is again given off, and oily streaks 
are observed to run down tlie neck of the retort ; at the same 
time a disagreeable penetrating smell is perceptible. By gently 
heating the contents of the retort, a temperature of 220 — 230° is 
maintained for some time, and when it has finally risen to 260“ 
the distillation is sto])ped. The distillate is a mixture of allyl 
alcohol and water, and there is also present allyl formate, 
glycerol, and acrolein. Excess of glycerol remains in the 
retort and may l)e used again by rcpe<ating the operation with a 
.smaller quantity of oxalic acid (30— 40 grains) until the residue is 
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too small or has become dark-coloured and thick. The distil- 
late is submitted to a second distillation, which is continued 
until no oily layer separates from the latter portions which distil 
on treating with solid potassium carbonate. This occurs when 
the temperature reaches about 105° On adding solid potassium 
carbonate to the distillate, the allyl alcohol settles out as an oil. 
This is separated and distilled. Yield about 15 grams boiling 
at 92 — 96° 

CoH.p4 + C3H803=C3H,(OH)..O.CO.H + H.O-hCO^ 

Glycerol monoformin. 

C3Hi(0H)2.0.C0. H = C3H5O H + H3O + CO2 

Allyl alcohol. 

p7'opcrfies . — Colourless liquid, with a pungent odour ; b. p. 
96-5^ ; sp. gr. 0-858 at 15". 

Reaction , — Add bromine water to a little of the allyl alcohol. 
It is immediately decolourised, C0H5OH + Br3 = C3H5Br30H. 
See Appendix,^ p. 259. 


Preparation 31. 

Isopropyl Iodide, CH3.CHI.CH3 
Markownikoff, Aimalen,^ 1866, 138 , 364. 

60 grms. iodine. 

40 „ glycerol. 

32 „ water. 

1 1 „ yellow phosphorus. 

The iodine, glycerol, and w’aterare placed together in a retort 
(250 C.C.), standing over wire-gauze and attached to a condenser 
and receiver. The phosphorus is cut up under a layer of water 
into small pieces, the size of a pea, and, with crucible tongs, 
dropped gradually into the retort. The introduction of the 
phosphorus generally produces at the beginning a violent re- 
action, often accompanied by a vivid flash. If mo reaction 
occurs on adding the first few pieces of phosphorus, the retort 
must be warmed gently. The last two-thirds of the phosphorus 
may be added more quickly. The contents of the retort are 
now distilled as long as any oily liquid passes over. The distil- 
late is poured back into the retort and redistilled. The liquid- 
is then shaken up with dilute caustic soda solution in a separating- 
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funnel, the isopropyl iodide separated, dried over calcium 
chloride, poured off and fractionated in a distilling flask. It 
distils entirely at 88 — 89^^. Yield 30 — 35 grams. 


I. 

PI, + 3PI2O 

= 3HI + H3PO; 

2. 

CHyOH 

CHJ 


1 “ I 

CHOH + 3HI = CHI + 3H2O 


CH2OH CHoI 

Propenyl triiodide. 


3- 

CHJ 

CHj 

1 


I 

CHI + 2HI 

= CHI + 2I2 
\ 


j 

CH2I 

CH3 



Isopropyl iodide. 


Propenyl triiodide is probably formed as an intermediate pro- 
duct, though it does not exist in the free state. 

Properties.— ^CoXomltss liquid ; b. p. 89*5° ; sp. gr. 1744 at 0°. 
See Appe 7 idix.^ p, 260. 


Preparation 32. 

CH0Cl.CH.CH2 
Bpichlorhydrin, ** 

Reboul, A finale?!., Spl.^ i86r, 1, 221 . 

200 grms. glycerol. 

160 c.c. glacial acetic acid. 

The glycerol, which must be dehydrated (see p. 106), is mixed 
with an equal volume of glacial acetic acid. Hydrochloric acid 
gas (see Fig. 65, p. 93) is passed into the cold liquid for about 
two hours, when it ceases to be absorbed. The mixture is now 
heated on the water-bath, and, after standing twenty-four hours, 
the current of gas is continued for about six hours more. The 
liquid is distilled with a thermometer.* Hydrochloric acid is 
first given off, together with acetic acid. As the temperature 
rises, the dichlorhydrin and acetodichlorhydrin distil. The 
portion distilling at 160— 2 10''^, consisting mainly of dichlorhydrin, 
is collected separately and used for the preparation of epichlor- 
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hydrin. Yield of dichlorhydrin about 120 grams. Epichlor- 
hydrin is obtained by the action of aqueous potash solution 
upon the dichlorhydrin. A solution of 100 grams of caustic 
potash in 200 c.c. of water is well cooled and poured slowly, with 
constant stirring, into the dichlorhydrin. Rise of temperature 
must be carefully avoided. The epichlorhydrin is separated 
from the product by adding ether, which dissolves out the 
epichlorhydrin. The upper layer is separated, shaken up 
with a little water, and again separated. It is then dehydrated 
over calcium chloride and decanted into a round flask. The 
ether is first removed on the water-bath. The residue is then 
fractionally distilled. This is effected by attaching a fractionat- 
ing column to the flask (see p. 137). The portion boiling 
at 115—125° is epichlorhydrin, and is collected separately. The 
portion boiling above this temperature consists mainly or 
acetodichlorhydrin. Yield 25 — 30 grams. 

CHaOH.CMOH.CHoOH -1- HCl = CH2CI.CHOH.CH2OH -f H2O. 

a-Monochlorhydrin. 

CH2CI.CHOH.CH2OH + HCl = CH2CI.CHOH.CH2CI + HA 

aa-Dichlorhydrin. 

CH„Cl.CHOH.CHjCl + KOH = CH2.CH.CH„C1 + KCl + H„0. 

Epichlorhydrin. 

p7'operties. — Mobile liquid, with an ethereal smell ; b. p. 
117° ; sp. gr. 1*203 at 0°. 

Reaciiofi. — Warm a little of the epichlorhydrin with caustic 
potash solution. It dissolves, forming glycerol. See Appendix^ 
p. 260. 

CH(OH).COOH 
Malic Acid, | 

CH2.COOH 

Malic acid is prepared from the juice of the mountain ash 
berries by precipitation as the calcium salt. 

Properties. — It is soluble in water and alcohol, but not in 
ether. On heating, it loses water and is converted into fumaric 
and maleic acids (see p. 125). On oxidation it gives malonic acid 
and on redjuction succinic acid. 

Reaciions. — r. Make a strong neutral solution, add calcium 
chloride solution and boil. The calcium salt is precipitated. 


SUCCINIC A('Il) 




2. Mix about 0*5 o-ram (‘ach of powdofcil 111:1 lie acid aiui 
resorcinol, and add i c.c. of concciiti’attul siilpliuric m ill. 
Warm the mixture for a inonumt ovm- tlu‘ tiaine until it 
bej.;ins to froth. On ('oolini^ and adding' water and caustic soda, 
solution, an intense blue tluorescence is produced (von Pechinann). 

Pu KP.vk.vriON 33. 

Succinic Acid (Kthyhmedii'arboxylii' Acid), 

c()OM.(:n...ciL..C()oii. 

Schmitt, Aiuhilt'n^ 18 bo, 114 , 

10 grins, malic acid. 

30 „ hydriodic acid. 

2 „ nal phosphorus. 

The hydriodic acid is conveniently pri^pared, according to 
Gattermann, as follows : ™-.\ small round tlask (too is 

provided with a tap-funnel and delivery-tula*, the lalter being 
attached to a U-tubc as shown in Pig. 70. 'Phe U-lube is idled 
with broken glass or })ot, which 
has been coated with amor- 
phous phosphorus l.)y rubbing 
it in the phosphorus sligluly 
moistened with water. 'The 
(lask is first detached from tlie 
U"tube and funnel, and 44 
grams of iodine inlrodiu'ed.* 

Four grams of yellow |)hos- 
])horus, cut in small pieces, are. 
then added. 'The jihosphorus 
must be cut under water, 
brought on to iilter-iiaper with 
crucible tongs, pressed for a moment, and transferred with 
tongs to the flask. Kach piece of phosjihorus as it drops in 
produces a flash. When the phosphorus has b(‘(‘n a<Id(‘d a dark 
coloured liquid is obtained, which solidifies on cooling, and 
consists of PL{. 'Phe tlask, when cold, is closed witli its cork, 
and the delivery tube from the Udube is in.s(.‘rt(‘d loos(!ly into 
the neck of a small flask containing 50 cx. of water, so that 
the open end of the delivery-liil.>e is ahovt* tin* stirfaci* of tlu^ 
water. It is kept in posili(,m by a w<;dg(* of em'k fix(‘d in tlie 
COHKN^S ADV. P. O. C. f 
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neck. Ten c.c. of water are now added gradually from the tap- 
funnel. Hydriodic acid is evolved, and, after being freed from 
iodine in the IJdube, is absorbed by the water. When the water 
has been added, the liquid is gently heated over a small flame 
until no more fumes issue from the delivery-tube. The aqueous 
solution of hydriodic acid is distilled with a thermometer, and 
the portion boiling at 125° and above is collected separately. It 
consists ;of strong hydriodic acid solution, containing about 
57 per cent, of HI. The malic acid is dissolved in the 
hydriodic acid and poured into a stout-walled tube for 
sealing. The red phosphorus is added, and the tube sealed 
in the usual way (see p. 24). It is heated in the tube-furnace 
for six hours at 120°. On removing the tube it is found to be 
filled with crystals of succinic acid mixed with iodine. The | 
contents are poured into a basin and evaporated to dryness on 
the water-bath. The residue, when cold, is stirred with a little 
chloroform to dissolve the free iodine, which is then decanted, 1 
and the process repeated if necessary. After warming to drive i: 
off the chloroform, the substance is dissolved in hot water and 
set aside to crystallise. Succinic acid crystallises in long prisms. 
Yield 5 grams. !! 

‘ COOH.CHOH.CH2.COOPI -f- 2 HI =r COOH.CH2.CPL2.COOH ':5 
+ H2O 4 “ I2. 

Properties , — Colourless prisms ; m. p. 180°. On distillation, 
the acid loses water and is converted into the anhydride. 

Reaction. — i. Make a neutral solution by boiling with an 
excess of ammonia, and add to one portion, calcium chloride ; 
no precipitate is formed ; to another portion add a drop or j 
two of ferric chloride ; a brown precipitate of ferric succinate | 
is thrown down. See Ajppendix,^ p. 261. j 

i 

CH(OH).COOH f 

Tartaric Acid (Dihydroxysuccinic Acid), | 

CH(OH).COOH 

Scheele (i76g). | 

The acid potassium or calcium tartrates are found in many > 
plants ; but the chief source of tartaric acid is the impure acid 
potassium salt, which separates out as wine-lees, or argol from 
grape-juice in process of fermentation. j 

Properties . — The acid crystallises in monoclinic prisms, 1 
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soluble in alcohol and water, but not in ether. It turns the 
])lane of polarisation to the right ; m. p. 167— 170° 

Heat a crystal of the acid. It gives an odour 
rcscinbling burnt sugar. Carefully neutralise a solution of tar- 
taric acid with caustic soda, and make the following tests : — 

2. Add calcium chloride and stir with a glass rod. A crystal- 
line precipitate of calcium tartrate, C4H40oCa + 4H20, .is formed 
which dissolves in acetic acid and caustic alkalis/ Repeat the 
foregoing test, but add a few drops of acetic acid before the cal- 
cium chloride. There is no precipitate. Calcium sulphate also 
gives no precipitate with tartaric acid or neutral tartrates, 
(compare reactions for oxalic acid, p. 100). 

3. Add silver nitrate solution. The white precipitate is the 
silver salt. Add two or three drops of dilute ammonia until the 
preci])itate is nearly dissolved, and place the test-tube in a 
l:)eaker of hot water. A silver mirror will be deposited. 

4. Add a few drops of acetic acid and a little ammonium or 
potassium acetate solution to a moderately strong solution of 
tartaric acid or a neutral tartrate. On stirring with a glass rod, 
the acid potassium or ammonium tartrate will be precipitated. 

5. To a solution of tartaric acid or a tartrate in water add 
a drop of ferrous sulphate solution and a few drops of hydrogen 
peroxide and make alkaline with caustic soda. A violet colora- 
tion is produced (Fenton’s reaction). 


Preparation 34. 

CH{ 0 H).C 0 . 0 C.H 5 

Ethyl Tartrate, | 

CH(0H).C0.0C2H5. 

Anschutz, Pictet, 7 ?cr., 1880, 13 , 1176. 

30 grins, tartai'ic acid. 

160 c.c. absolute alcohol. 

The tartaric acid is finely powdered and mixed with half the 
above quantity (80 c.c.) of absolute alcohol. The mixture is 
heated on the water-bath with upright condenser until dissolved. 
The flask is immersed in cold water, and the well-cooled 
solution saturated with dry hydrochloric acid gas (prepared in 
the usual way by dropping cone, sulphuric acid into cone, 
hydrochloric acid, see Fig. 65, p. 93). After standing for an 
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hour or two (or preferably overnight), the hydrochloric acid, 
excess of alcohol and water are expelled by evacuating* 
flask and distilling in vacuo on the water-bath. The 
maining half of the alcohol is added to the residue, and 
mixture again saturated in the cold with hydrochloric acid 
After standing, the acid, alcohol and water are removed 
before, and the residue fractionated from an oil or metal batli 
vacuo. The ethyl tartrate distils as a clear viscid liquid. After 
a second distillation m vacuo the substance is pure. 

At II mm. it boils at 155°. 

„ 20 „ „ ,, 164 . 

The yield is 80 per cent, of the theory. See Appendix^ p . 3^2. 
Determination of Rotatory Power. —The rotatory 100 
of ethyl tartrate, which is an optically active substance, is 
determined by means of a polarimeter. One of these instrii- | 
ments known as Laurents polarimeter is shown in j 

71 and 72. I 

The monochromatic light of a sodium flame is used in 
determinations and is obtained by suspending in a Bunsem : 
flame a platinum wire basket containing fused sodium chloride j 
or the more volatile bromide. The latter gives.a brighter Bmim, j 
but the basket requires replenishing more freciuently. 'i'be ! 
light from the flame passes through a cell B, contain ing4 a 
solution of potassium bichromate (or a crystal of this substmi < *<*}, ? 
which deprives it of blue or violet rays. It then passes thi*c^iigh 
the polarising nicol prism P. A plate of quartz cut parallel to j 
the optic axis covers half the opening D, and is of such a tliick- I 
ness that it produces a difference of a half-wave length (or an | 
exact odd multiple of a halfwave length) between the two r^iys, I 
which it gives by double refraction. The light then pnsses | 
through the substance placed in the tube T and entering* nt K ? 
strikes the analysing nicol N. The telescope OH isfocusscxl on 
the edge of the quartz plate at D. When N is turned, a pointer 
moves over the graduated circle C and its position can be read | 
by means of the lens L. 1 

The Theory of the Instrument may be explained as ' 
follows: — If; after passing through the nicol P, the plnnt* of j 
vibration is in the direction OB, Fig. 73 a, then in the half of tlie | 
field to the right, uncovered by the quartz plate, it passes on im- j 
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changed. When it strikes the quartz the ray is broken up into 
the two components oy and Ox. These traverse the qua,rt5^ 
with different velocities, and since one ray is retarded half n 
wave-length in respect of the other, the vibration of one cona- 
ponent will be represented by oy, but the other must be re- 
presented by Ox' instead of Ox. These two combine on 
emerging to a plane polarised ray vibrating in the direction- 
Ob' so that the angle AOP/ is equal to the angle aob. 

If now (the tube containing water or other non-rot at 
liquid) the nicol N be so placed that it is parallel to nicol 
then the light, in the half of the field to the right, will pas.s 
through unchanged, but only a portion of the light which 



Fig. 73 


passed through the quartz diaphragm with its plane of vibration j 
in the direction OB', will pass through N and consequently there i 
will be different intensities of illumination in the two halvei> j 
of the field, Fig. 73 b (if the angle a is 45° then the angle 35015 i 
will be 90°, and the light in the left half of the field will be com- | 
pletely obscured). Similarly if the plane of the nicol N be nijicle | 
parallel to ob' there will be a greater intensity of illumination = 
in the left half of the field. Fig. 73 Between the two positions 
of the nicol N there must necessarily be one which g-iv<.!.s | 
uniform illumination of the whole field, and this is the 2:ero ' 
point of the instrument. Fig 73 d. 

If the tube T, containing the active substance, be interpo.sed 
between the two nicols, then both rays OB and OB' will l>e I 
rotated through equal angles, and to re-establish uniform ' 


MOLKCULAR ROTATION 


illumination in the two halves of the field, the nieol N inust 
be turned through an angle equal to the angle of rotation, \vhi(.:h 
is then measured on the divided circle. 

When the angle a is small, /.c. when the })lane of 
vibration of the polarised light is almost parallel to the optic 
axis of the quartz, the greatest degree of sensiti\eness is 
attained, for then a very small change in the position of N 
causes a great difference in the respective illuminations in the 
two halves of the field. As « increases, tlie sensitiveness 
diminishes, but a greater total intensity of illumination is t)b- 
tained. Ry moving j (Fig. 71) the ])osition of the nicol p may 
be altered. For clear colourless liquids the angle u may be 
made comparatively small ; l)ut in the case of coloured rujuids 
it is necessary to have a larger, and so obtain a greater intensity 
of light at the cost of sensitiveness. 

Calculation of Results ; Homogeneous Liquids.- 
The angle of rotation, rei)resenled by an (for sodium light), varies 
with the length of the column of substance through which tlie 
light passes. One decimetre has been (diosen as unit of kmgth. 
The angle also varies with the lem])erature, which must conse- 
quently be determined for each observation. 

For the comparison of the rotary power of diffeiantt substances, 
use is made of the constant which may be defined 

as the angle of rotation, jiroduced by i gram of activt! substance 
in I c.c. by a layer i dm. in length. 'This is obtaiiU'd by dividing 
the observed angle of rotation by the ])rodiu:t of tlu‘ hmglh in 
decimetres, and the density of the substance at the temperature 
at which the observation was made. 


Molecular Rotation is the above (luantity multiplied by 
the molecular weight M of the compound, and divided l)y kxj to 
avoid unwieldy numbers, ;ind is represented thus 


[« |I; X M 


It expresses the angle of rotation of i mm. of active suljstam e 
containing i gram-molecule in r c.c. 
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Rotation of Ethyl Tartrate. — P'ill a 200 mrn. polari meter- 
tube with the tartrate prepared. Whilst it is settling determine 
the zero of the instrument, and if it does not coincide with tlie 
zero of the graduated circle, a corresponding correction must l.>e 
introduced in the subsequent observations. The tube is tlien 
placed in the instrument, and the angle of rotation determincM.i 
by turning the analyser N until equality of illumination is cst?il >- 
lished in the two halves of the field. In making polarimct rit: 
observations reliance should not be placed on a single setting 
the instrument, but at least five or six readings should l3c made, 
which, with a good instrument, should not differ by more tliitii 
four or five minutes. The temperature at the time of obscr\'^;i- 
tion must be noted, and the density determined cither at iHiit 
temperature or at two or three, other temperatures, and the 
required density found by extrapolation. 


Example : — 


Temp. 

' Length. 

a 


20“ 

199*85 mm. 

18" 28' 

I *2059 


[all, 

7*66 


[a]- = 7-66“ \ 
[“]}f = 7 '47° J 
Wd = T~f ) 

[a];4 = 7-07° ( 
[a];j = 6-S6° ■ 

[«]■» = 6-66“ j 


Anschutz, Pictet, AVr., iSSo, 13, 1177. 


By extrapolation. 


Rotation of Tartaric Acid.™ The specific rotation of a 
dissolved substance can be calculated from the rotation of (lu! 
solution if the concentration is known. The formula to be 
for this purpose is : — 


where a is the angle of rotation of solution, / the lengtli of 1 1 10 
tube, and c the concentration, z.d?., the weight in grams of the 
dissolved substance contained in 100 c.c. of solution. "Hut 

formula [ajo = may also be used (it is, in fact, identic^! a 

where is the percentage (by weight) of substance in solution. 
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and d the density of the solution. The specific rotation of dis- 
solved su]:)stances varies with the concentration and with the 
temperature. 

Heat some tartaric acid in an air-bath to i until it is ([uite 
dry. Weij4'h accurately about 20 grains of the dry acid an<I 
dissolve in water ; then make uj) the solution to exactly icx) c.c. 
Determine the rotation of the solution in a 200 inm. tube, and 
note the temjierature at which the observation is made. 

Take 50 c.c. of the solution and dilute it to 100 c.c. Deltu'- 
minc the rotation of this solution a/ ihc sanie ie}}ipc} afun: as 
that at which the first rotation was oliserved. 

Dilute 50 c.c. of the second solution to too c.c., and again 
determine the rotation at the .same temperature. 

'J'hc same process can l)e repeated oma^ or twice more. Cal- 
culate the s])ecific rotation of the tartaric acid, using the lirst 
formula. IMot the results on sipiared pajier, making' the ordi- 
nates specific rotation and the abscissae concentration. 

Example : — 


Temp. 

Cuncciitfutldn. 

Lenjj^Lli of UiIk:. 

.Aiijih- of Rotation. 

.Sjicc. Rut. 'y'"' 

10” 

40 

200 nun. 

6" 

•i 7'.S'‘ 

10” 

20 

3 3 

3 " 59 ' 

•1 0‘09" 

lo" 

10 

3 3 

2" ii' 

-i io*(>C 


(Kr»-ck<‘, Hini hojfy Stt'rtthhc)nu\ ji. 


'I'he following table shows the influeni'es of temperature on 
the sfiecilic rotation of an aipieous solution (amlaining 20 grams 
of tartaric acid in foo c.c. 


Tcinj). 

l.eiij^lh <»f 

.'Xiii;!!* o|' Kt ttatii n. 

Spn ilir R' italiuii. 

0” 

200 nun. 

3 

•i S-OtV' 

10“ 

? 5 

3" Sd 

-1 o-o(V' 

20'' 


4 " .v^' 

1 ii' 57 " 

40''^ 

> > 

S" 2S' 

-1 

60'* 

5 > 

()‘ 2S' 

-i d)*iO' 

So'' 

> 1 

7" 21' 

1 iS'3S 

loo'" 

3 > 


i 21 -'50 ’ 


(Tliom.scu, ,/. f>rakt. Ch. (.:) {v, 
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Preparation 35 

Racemic Acid and Mesotartaric Acid. 

CH(OH).COOH 
I + HoO 

CH(OH).COOH 

Pasteur, A?in. Chiin. Phys.^ 1848, ( 3 ) 24 , 44^ ; 1850, (3) 28 , 5 ^ » 
Dessaignes, BitlL Soc. Chhn., 1863, 5 , 35 ^^ ; Jungflcisch, Bi^IL 
Soc, Chm,, 1872, 18 , 201 ; Hollemann, Rcc, trav, chwi. 

1898,17,66. ^ • 

100 grms. tartaric acid. 

350 „ caustic soda (in 700 c.c. water). 

Boil the tartaric acid and caustic soda solution for three hours 
in a round flask (i litre), or preferably in a tin bottle furnished \vi tli 
reflux condenser. The use of a tin vessel obviates certain diffi- 
culties of filtration which the solution of the silica by the action 
of the alkali on the glass entails. The licjuid, after boilinig*, 
carefully neutralised with cone, hydrochloric acid (it is aclx'SS” 
able to remove a little of the solution beforehand in case of 
overshooting the mark) and an excess of calcium chloride soltn 
tion is added to the hot liquid. The mixture is left overnij^ ht, 
and the calcium salts filtered off at the pump, washed witli 
water, and well pressed. 

The calcium salts are well dried on the water-bath, or a fr; 
tion of the whole weight of the moist salts is taken and clrit*d, 
and. the total dry weight estimated. The substance is then sus- j 
pended in boiling water and the calculated ciuantity of sulpliuric 
acid added, after which the mixture is boiled for an hour. "I* he | 
calcium sulphate is removed by filtration, well washed with Tt<d ! 
water, and the precipitate pressed down. The filtrate is concrin'i” 
trated on the water-bath until crystallisation begins. Raceiuic 
acid crystallises first, and after dehydrating on the water-l:>;illi j 
melts at 205°. A further quantity is obtained on evaporation. 
Yield 50 — 60 grams. 

The last mother liquors contain mesotartaric acid, m. p. 14.3 • 
144°, which is much more soluble in water than racemic rtcid I 
To obtain a pure specimen repeated crystallisation is necesstiry. I 
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The yield varies with the period of boiling, but usually does not 
exceed lo grams. 

Resolution of Racemic Acid,— The racemic acid is dis- 
solved in water (250 c.c.) and divided into two equal volumes. 

Half of the solution is carefully neutralised with caustic soda 
and the other half with ammonia, and the two solutions then . . 

mixed. j 

The liquid is concentrated and poured into a crystallising dish. ! 

If, on cooling, the crystals are small and massed together, the 
solution has been too concentrated, and must be diluted so that If 

small, well-defined crystals deposit. A dozen or so of these are 



Fig. 74. 


picked out, dried, and put on one side. The remaining crystals ! 

are re-dissolved and left to cool in a room of fairly even tempera- 
ture. 

When the solution is just cold the crystals, previously re- 
moved, are sown evenly over the bottom of the dish at distances 
of I — 2 cms. apart and left for two days. The crystals will have 
now grown to a size which will enable the facets to be readily 
recognised. Each crystal is dried and carefully examined with 
a pocket lens in order to determine the position of the hemi- 
hedral facets, and placed in separate heaps. These facets lie 
to the right or left hand of the central prism face, as shown in 
Fig. 74. The crystals should be weighed, dissolved, and the 
solution diluted and examined in the polarimeter. The specific 
rotation may then be calculated. See Appejidix^ p. 264. 
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PREPARx\TION 36. 

Pyruvic Acid, CH 3 .CO.CO.OH. 

Doebner, A 7 nialcn^ 1887-, 242 , 268. 

200 grnis. potassium hydrogen sulphate. 

100 „ tartaric acid. 

The potassium hydrogen sulphate and tartaric acid must loo 
finely powdered and intimately mi.\ed. The mixture is distilled 
in a round flask (i litre), attached to a moderately long condenser 
tube, from a paraffin bath heated to 220'.'’^ The mass at first 
froths up, and it is necessary to interrupt the heating when tlie 
flask is not more than half full of froth, as otherwise it may 
boil over. When the temperature of the bath has fallen to 
about 120'', the heating may be recommenced. The distillation 
is carried on until no more liquid distils. The distillate, whicli 
consists of water and pyruvic acid, and has a yellow colour, i s 
fractionated m vacuo. It is collected at 68 — 70° at a pressnrcj 
of 20 mm., and is quite colourless. Yield 15 — 20 grams. It 
may be fractionated at the ordinary pressure, but is difficult tcj 
obtain colourless in this way. 

CO.OH.CHOH.CHOH.COOH = CH3.CO.COOH + C02THoO 

Colourless liquid; b. p. 165° at atmospheric: 
pressure ; m. p. 10 — 11°; polymerises on keeping. 

Reaction . — Dissolve a drop of phenylhydrazine in two drop.s 
of glacial acetic acid, dilute with about i c.c. of water, and acid 
a drop of pyruvic acid. A yellow crystalline precipitate of tlie 
phenylhydrazone, CH3.C:(N.NH.C(jH5).CO.OH, is formed. 

CH 2 .COOH 

Citric Acid, C(OH).COOH + HgO 

CH 2 .COOH 

Scheele (1784). 

Citric acid occurs in the free state, as well as in the form of 
the calcium and potassium salts, associated with malic and tar- 
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taric acid, in many plants. U is prepared principally from 
lemon juice, from which it is prec'ipitated as llie calcium salt on 
hoilinR with chalk ami also hy the citric fermentation of 
glucose. 

Propniids. — 'fhe acid, which contains i molecule of water, 
crystallises in prisms ; soluble in water, alcohol, and also mo- 
derately soluble in ether ; m. p. looA The anhydrous acid melts 
Jit 1 53 — 1 54 ’'- 

Reactions . — i. Meat a little of the acid and notice the irri- 
tatin^i' vapours. 

Make a neutral solution of sodium citrate by adding caustic 
soda to a solution of the acid. 

2. Add lime water. 'Fhereisno precipitate of the calcium salt, 
(C(jIb,07)oCa;{4-4M.jO, until the solution is boiled. 

3. Add calcium chloride solution and boil, and, to another 
portion, silver nitrate solution. Note the results and compare 
the reactions with those of tartaric acid (p. 115). 

PRKP.'XUATION 37. 

Citraconic and Mesaconic Acid. 

(Methyl fumaric and Methyl maleic acid). 

ClIy.C(C()()M):CH(C 0011 ). 

Kekule, Lchrbiicli, 2 , 319; Kittig', Anna/cfi, 1877, 188 , 73. 

250 grins, citric acid (crystallised). 

Meat the crystallised citric ac:id, without powdering, in a porce- 
lain basin to a temperature not exceeding 150A The water of 
crystidlisation is expelled, and the crystals become pasty and 
then fluid. When cold, tlie solid mass is removed from the 
basin by gently warming, and is coarsely powdered. The anhy- 
drous acid is ■rapidly distilled in jjortions of 100 grams, from a 
retort (250 c.c.) with Ixmt neck (sec Fig. 19, p. 22), fitted to a con- 
denser, the receiver being a separating funnel. The distillate 
consists of two layers. 'The lower layer of impure citraconic 
anhydride is run off, and the upper layer, consisting of water and 
citraconic .acid, is fractionated, the porti<m distilling at 190 — 210" 
being collected and mixed with the previous lower layer. 
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The citraconic anhydride is now distilled Ui vacuo and col- 
lected at 110—114° under a pressure of 30 mm. Yield 30 — 35 
grams. 

CH2.COOH CH3 

C(OH).COOH = C.CO\ + CO2 + 2 H, 0 . 

I II \0 

CH2.COOH CH.CO/ 

Properties— Co\oMx\^%% liquid; b. p. 213 — 214° (ordinai'y 
pressure). To convert the anhydride into citraconic acid the 
calculated quantity of water is added (i mol. acid : i mol. water)? 
and the mixture well stirred. The whole solidifies, on standing', 
to a mass of colourless crystals of citraconic acid, which are 
dried on a porous plate ; m. p. 84— 86°. 

Mesaconic Acid. — To a saturated solution of citraconic acid 
in ether (4 parts citraconic acid require about 5 parts of anhy- 
drous ether), about i part of chloroform is added, and a few 
drops of a moderately strong solution of bromine in chloroform.. 
The mixture is placed in strong sunlight, when mesaconic acid, 
which is insoluble in ether and chloroform, begins at once to 
deposit on the side of the vessel nearest the light. Drops of 
bromine are added from time to time until no further precipita- 
tion occurs. The pasty mass is then filtered, washed with ethex", 
and dried on a porous plate. Yield 73 per cent, of the citraconic 
acid ; m. p. 202° See Appe 7 idix^ p. 265. 

Preparation 38. 

Urea (Carbamide), 

Wohler, Pogg. Ami., 1828, 12 , 253; Clemm, Annale^t, 1848, 
66, 382. 

50 grms. potassium cyanide (98—99 per cent.). 

140 „ red oxide of lead. 

25 „ ammonium sulphate. 

The potassium cyanide is heated in an iron dish over a. 
large burner until it begins to fuse, when 140 grams of red 
oxide of lead are gradually added in small quantities and 
stirred in. The heat of the reaction causes the mass to melt 
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and froth up. When it fuses ([uictly, the dark coloured liquid 
mass is poured on to an iron pl.tio and allowed to cool. 
It solidifies and is ]^owdcrecl aiul separated from the solid 
cake of metallic lead. 200 c.c. of cold water are poured on 
to the crude cyanatc and, after standing- an hour, filtered 
through a fluted filter and washed with a little cold water. 
A concentrated solution of 25 grams of ammonium sulphate 
is immediately added to the filtrate, which is evaporated to 
dryness on the water-bath, the mass being stirred occa- 
sionally to prevent the formation of a surface crust. The 
cooled residue is powdered and the urea e.xtractcd with alcohol 
by boiling on the water-bath, using a reflux condenser and 
adding successively small quantities of spirit until the extract 
leaves only a small residue on evaporation on a watch-glass. 
The greater part of the alcohol is distilled off on the water- 
bath, and the residue poured out into a beaker to crystallise. 
Yield about 15 grams. 

1. 4KCN + Vh./\ = 4CONK -p 3Pb 

2. (NH.i)jjSC).i + 2CONK - 2CON.NH.1 + IwSO.i 

3. CON.NH.1 = CO(NIbA> 

Properties . — Colourless prisms ; m. p. 132'^; very soluble In 
water ; soluble in hot alcohol. 

Reactions. — r. Add to a strong solution of urea in water a 
drop of concentrated nitric acid, and to another portion a 
concentrated solution of oxalic acid ; the crystalline nitrate 
C 0 (NH.,),, 11 N()., .and oxalate (.CO(Nl are deposited. 

2. Melt a few crystals C)f urea over a small flame and heat 
gently for a minute, so that bubbles of gas arc slowly evolved. 
Cool and add a few drops of water, then a drop of copper sul- 
phate solution, and finally a few drops of caustic soda. A violet 
or pink coloration is produced, depending upon the quantity of 
biuret formed. 

2 C 0 (N 1 L), - + NIL, 

3. Add a few drops of sodium hypochlorite, or liypobromitc, 
to a solution of urea in water. Nitrogen is given off, 
CO(NIL,). + 3Na()Cl N., + 211 /) -H 3NaCl + CO. (which 
dissolves in the alkaline solution). 
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4. Add to a solution of urea a few drops of hydro claloric acid 
and a solution of sodium nitrite. Effervescence occurs and 
nitrogen and carbon dio.xide are evolved. 

C0(NFL)2 + 2HO.NO - 2N2 + CO2 = 3H2O. 

5. Heat a little urea with soda-lime. Ammonia is evolved. 
See AppaidLx^ p. 267. 


Preparation 39. 

Thiocarbamide (Thiourea), 

Reynolds, T^'ayis, Chem. Soc.^ 1869, 22 , r ; Volhard^ prakt. 
Chem.^ 1874, (2), 9 , 10. 

50 grms. ammonium thiocyanate. 

The ammonium thiocyanate is melted in a round flask in a 
paraffin-bath, and kept at a temperature at which the mass re- 
mains just liquid (140 — 145") for 5—6 hours. The cooled melt is 
powdered and ground with half its weight of cold water, which 
dissolves unchanged ammonium thiocyanate, but little of the 
thiourea. By dissolving the residue in a little hot water, pure 
thiourea is obtained, on cooling, in colourless, silky needles. 
Yield 7 — 8 grams. 

CNS.NH4= CS(NPL>)2. 

Properties — Colourless, rhombic prisms (from dilute aqueous 
solution), long silky needles (from concentrated solutioiis) ; m. p. 
172"^. Very slightly soluble in cold water (i part of thiourea dis- 
solves in about ii parts of water at the ordinary temperature). 

PIN— CO 

Uric Acid, CO C— NH 

1 11 >CO 

HN— C— NH 

Scheele (1776). 

Uric acid is a product of the metabolism of tHe animal 
organism. It is usually prepared from guano, which is treated 
first with dilute hydrochloric acid to remove phosphate of cal- 
cium. The uric acid is then dissolved out with hot caustic soda 
and the clear alkaline solution precipitated with acid. 
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Propcrties.— XJnc acid forms microscopic crystals of a charac- 
teristic shape. It is insoluble in water, but dissolves in the 
presence of many organic substances. On dry distillation it 
yields ammonia, cyanuric acid, and urea. 

— Evaporate a little of the acid with a few c.c. of 
dilute nitric acid to dryness on the water-bath. An orange or 
red residue remains. On cooling, add ammonia. A fine purple 
colour is produced (rnure.xide test) ; see also Reaction for 
alloxan (p. 130). 


Preparation 40. 

Alloxantin, C„H4N407 + sH^O 

Liebig, Wohler, Annalcn^ 1S3S, 26 , 262. 

lo grins, uric acid. 

20 „ (18 c.c.) cone, hydrochloric acid diluted with an 

equal weight of water. 

21 potassium chlorate. 

The hydrochloric acid is ])oured over the uric acid. The 
mixture is heated to 35'^, and the potassium chlorate, finely 
powdered, is added in small quantities at a time with constant 
shaking. When about tv/o grams of the chlorate have been 
added, the uric acid will have nearly dissolved, and the liquid 
has a faint yellow colour. It is diluted with double its volume 
of water, allowed to stand for about an hour, and filtered. The 
Tiltrate is saturated with hydrogen sulphide, and yields, 
after lacing left for 12 hours, crystalline crusts, often of a 
reddish tint, of alloxantin mixed with sulphur. It is filtered 
and washed with cold water, and the alloxantin dissolved in a 
small quantity of hot water, and filtered from the residue of 
sulphur. On cooling the filtrate, colourless crystals separate 
out. Yield 7 — 8 grams. 

+ 0 d- HoO - C.tH,,N ,04 + C0N.,H4. 

Uric acid. Alloxan. Urea. 

2 C.,(-UN,, 0 ., + H.,S = CrH 4 N,, 0 , + S + H, 0 . 

Allo.vantin. 

Hard, colourless crystals, slightly soluble in cold^ 
more readily in hot water. 

COHEN’S ADV. P. O. C. K 
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Reaciions.—i, Add to the solution of alloxantin a little h>a.ryt^^ 
water ; a violet colouration is produced. 

2. Add ammonio-silver nitrate solution and warm ; rnetallit^ 
silver is deposited. 

3. Boil the solution with mercuric oxide ; a violet solution of 
murexide is formed. 


Preparation 41. 

Alloxan (Mesoxalylurea), CO<^^^‘^q^CO 4- 4H2^ 

Liebig, Wohler, Annalcn^ 1S38, 26 , 256. 

5 grins, alloxantin. 

5 n (3*5 c.c.) cone, nitric acid (sp. gr. rg). 

10 „ (7 c.c.) fuming „ C^p. gr. 1-5). 

The finely powdered alloxantin is added to a mixture of tlic 
strong and fuming nitric acid, and left to stand. Slight evolu- 
tion of nitrous fumes occurs, and the alloxantin, which a.t fi rst 
remains at the bottom of the vessel, slowly changes into tin* ^ 
more bulky crystals of alloxan, which gradually fill the liciuitl* I 
The reaction lasts about two days, and is complete wlieii it 
sample dissolves readily and completely in cold water. ; 

crystalline mass is spread upon a porous plate, thoroiiyily clritrtl ? 
in the air, and freed from traces of nitric acid by heating;- iu it 
basin on the water-bath, until the smell of the acid disappciirs. ! 
Alloxan may be obtained in large crystals by dissolving tlie dry j 
product in the smallest quantity of hot water, and allowing^* the | 
solution to evaporate slowly in a desiccator over sulpluirie j 

The crystals are liable to effloresce. I 

4- O - cQjH.NA- ^ 

Alloxantin. Alloxan. ^ 

i; 

Properties . — Colourless crystals, containing 4 molecules <»1 i 
water of crystallisation. 

Reactions. — i. A small quantity of the alloxan solution is 
evaporated to dryness on the water-bath in a porcelain iDasin. | 
A reddish residue is left, which turns purple on the addition of I 
ammonia (murexide). See Appendix., p. 26S. | 
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CII...N CO 

■' I I 

CajSeine ('rriiiiclhyl xanthine}, CO C' N(CI1;;) 


' CIl 

Cli;;.N C- 


100 g rins, tea. 

Digest the tea with 500 c.c. lioiling water Inr a (juarter of an 
lioLir, and (liter tlirough cloth into a Ixisin placed over a ring 
l)urncr (see p. 108), so that the liquid in the lilter is ke[)t hot. 
Moderately line unsized cotton clolh is usetl, and is wetted aiul 
stretched on a wooden iVanie as shown in Mg. 75. Wash with 
a further 2500.0. of boiling water. Add to the liltrale a, solu- 
tion of basic Ictid acetate (made by lioiling acetate of lead 
solution with e.xcess of litharge, and then lillering; until no more 



Ki.,. 7> 


jirecijiitate is formed. Kilter hot through a. large tinted Idler 
from precijiitated albumin, and wash with wal(‘r. 'To the IsiiK 
ing liltrale add dilute sulphuric acid until llu' lead is pKs ipitaled 
as sul])hale. f'ilter or decani from the siiljihate of hsad, and 
concentrate the solution witli the axldition of animal charcoal 
to 250 300 c.c. Miter and c*\lract the (iltratc! thrtre tinnss with 

small {[uantities (50 c.c.) of chloroform. Distil off the cliloro 
form on the wati‘rd)ath, and dis.solve the residue in a, small 
tiuanlity of hot water. On allowing tlu^ solution to e\a.porale 
very slowly, long silky needles of caffeine separalt', which may 
have a slightly yellow tint, in which cas(; they should be draimsl, 
re-dissolvetl in water, and lioiled with the addition of animal 
charcoal, d'he neiMlles contain one mohsade of water, whi< h 
they lose at too and melt at 234-5 '. \'iei(l about {-5 grams. 
See yi/Z/tv/if/.r, j). 269. 
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Preparation 43. 

.N(CH3).CH2.C0.0H 

Creatine. HN:C<^ -hHoO 

Neubauer, A^inalen^ i86r, 119, 37. 

500 grms. meat. 

The meat, separated as far as possible from fat, is put throug-b 
a sausage machine, or finely chopped and digested with litre 

of water at 50—60° and well stirred from time to time. It is 

filtered through cloth (see Fig. 75 ) P- ^ 30 ) and is then clig-ested 
with a further 250 c.c. of water in the same way, filtered, 
the cloth removed from the frame and squeezed out. The 
filtrate is heated to boiling to coagulate the albumin, and, 011 
cooling, filtered. Basic acetate of lead is carefully added, just 
sufficient to precipitate the soluble albumin. The licjuid is 
again filtered through a fluted filter, and the lead removed with 
hydrogen sulphide, which is passed into the warm lic[uicl. I 
The filtrate from the sulphide of lead is concentrated to rt thin | 
syrup on the water-bath and then transferred to a vacuum I 
desiccator, where it is left over sulphuric acid. In a short time, | 
especially on the addition of a crystal of creatine, needle-slia|>ed ' 
crystals begin to separate, and when no further crystallisiLtion I? 
is observed, the crystals, which have a brown colour, Jirc j 
brought on to a porcelain funnel, and washed with a little I 
spirit. They are recrystallised from a little hot water, witli the | 
addition of animal charcoal. Yield about i gram. The filtrate | 
from the creatine contains hypoxan thine and sarcolactic ac’rid, | 
but the small quantity of these two constituents render tliem | 
difficult to extract 

Properties . — Small rhombic prisms ; with difficulty solulole : 
in cold water, readily soluble in hot water. On warming- with ^ 
alkalis, it decomposes into urea and sarcosine, I 

.N(CH3).CH.,.C00H 

HN:C< ‘ “ 4^NaOH = CO(NH.Ao- 4 -« ; 

% 

KH(CH3).CH.,.COONa. ^ 
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Preparation 44. 

Tyrosine, ( O H ). CoIT^. C H C H ( N H.,). CO O H 
, . 

Leucine, >CH.CHo.CH(NH.,).COOH 
CH/ 

Beyer, Zeit.^ 1867, 436 ; E. Fischer, Bcr,^ ^901? 34 , 433. 

100 grms. hoof or horn shavings (washed free from dirt). 

-50 55 (^3^ c.c.) cone, sulphuric acid (in 750 c.c. water). 

The shavings and acid are heated in around flask (i-|- litres) on 
the water-lDath until the greater part is dissolved, and then boiled 
with reflux condenser over wire-gauze for about 20 hours, until the 
solution no longer gives the biuret reaction (p. 127). Add to a 
little of the liquid two drops of copper sulphate solution and make 
alkaline with caustic soda ; if the colouration is violet or pink 
instead of blue, continue to boil. After boiling*, the dark 
coloured liquid is poured into a large basin and neutralised whilst 
hot with slaked lime. The hot liquid is filtered and the residual 
calcium sulphate replaced in the basin and extracted twice with 
300 c.c. of hot water. The united filtrates are concentrated and 
made up to a litre. The total quantity of oxalic acid (about 20 
grams) reciuired to precipitate the dissolved calcium salts is 
determined by a preliminary estimation with 50 c.c. of the solution. 
The liquid is boiled before adding the acid and filtered hot from 
the precipitated calcium oxalate. The precipitate is extracted 
twice with 250 c.c. of water and concentrated (to about 250 c.c.) 
until crystals appear on the surface. 

Tyrosine. — On cooling, a brown, crystalline crust of impure 
tyrosine separates. It is filtered, dissolved in the least quantity 
of boiling water, boiled with a little animal charcoal, and 
filtered. On cooling, long, white, silky needles of tyrosine arc 
deposited. Yield alDOut 2 grams. 

Rmctlojis. — Warm a small quantity of the substance with a 
drop of strong nitric acid and add ammonia. A yellow solution 
is produced in the first case, which changes to deep orange with 
ammonia (xanthoproteic reaction). Warm with a solution of 
mercury in strong nitric acid (Millon’s reagent). The liquid 
tin-ns red, and a red precipitate is tlien formed. 

Leucine. — The filtrate from the tyrosine is further con- 
cenlrcited on the wu-ter-bath to a small bulk, when on cooling a 
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quantity (alDOUt 20 grams) of crude leucine in the form of a brown 
crystalline crust separates, and is collected on a filter and 
dried on a porous plate. It is converted into the ester 
hydrochloride as follows : the dry material is dissolved in 
120 c.c. absolute alcohol and saturated with hydrogen chloride 
(p. 93). The alcohol is removed* by distilling under reduced 
pressure at a temperature not exceeding 40° in the apparatus 
shown in Fig. 66 (p. 94). The same quantity of alcoholis added, 
saturated with hydrogen chloride, and removed as before. The 
residue, which consists of the ester hydrochloride of leucine and 
small quantities of other amino-acids, is converted into the free 
ester in the following way : it is dissolved in about one-quarter 
its volume of water, to which an equal volume of purified ether 
is then added. The liquid is well cooled in a freezing mixture 
and a cooled 33 per cent, solution of caustic soda is slowly added 
until the liquid is just alkaline, and then an equal volume of a 
saturated solution of potassium carbonate. The mass is now 
well shaken and the ether decanted. In this way the ester, 
which is rapidly hydrolysed by alkali at the ordinary tempera- 
ture, is liberated from the hydrochloride without decomposition 
and dissolves in the ether. The residue is kept in the freezing 
mixture, a fresh quantity of ether, more caustic soda solution, and 
sufficient solid potassium carbonate to form a pasty mass are 
added in succession, shaken up thoroughly and the ether de- 
canted. The residue is extracted two or three times with fresh 
ether and the united extract, freed as far as possible from water, 
is shaken up for a minute with solid potassium carbonate and 
then dehydrated overnight with anhydrous sodium sulphate. 
The ether is removed on the water-bath and the residue distilled 
at a pressure not exceeding 1 5 mm. The colourless liquid, which 
distils at 80 — 100'^, has an ammoniacal smell and is nearly pure 
leucine ester. Yield 10 — 15 grams. The ester is readily 
hydrolysed by boiling five times its weight of water with reflux 
coi., denser until the alkaline reaction disappears (about an 
hour). The liquid is then concentrated on the water-bath until 
crystals separate on the surface and cooled. The leucine 
may be recrystallised from dilute alcohol or dissolved in 
the smallest quantity of hot water and alcohol added until 
a turbidity appears. It forms small glistening plates, which 
melt and sublime at 170°. See Ap^endix^ p. 270, 


Grape Sugar. (Olucosc, Dextrose.) 

S(^x]ilet, J, ^>rakf. Ch,^ 1880, (2) 21 , 245. 
CtlpILCHOll.CHOri.CHOH.CHOH.CO.H 

250 i^rms. cane siij^ar. 

750 c.c. spirit. 

30 c.c. cone. Iiydroehloric acid. 

The spirit and acid are mixed and w.armed to 45—50^, whilst 
the iinely^owdercd ('ane-sin^ar is ^-radually added and stirred. 
When the siig'ar has dissolved the solution is cooled, and a few 
crystals of anhydrous orape-siij^vir added. On standing for a 
day or two the grape-sugar dc])osits in the form of fine crystals, 
which continue to inciarase in Cjuantity. When no further de- 
position is observed, tlui crystals arc filtered and washed with 
spirit. The sugar may be purified by dissolving in a little 
water to a syrup, and adding hot methyl alcohol until a turbidity 
appears. On cooling, the grape-sugar cincstallises out. 

C,oH,oOn + H,0 - QH.Ai + 

C-’.'uu! sug.'ir. I’llucosc. I''nu:t(jse. 

Properties . — Colourless crystals ; m. ]). 146"* ; soluble in hot 
and cold water, insoluble in alcohol. 

Reactions. Add t(') a little of the solution of glucose a few 
drops of {'Mustic soda, and warm. 'I'hc colour changes from 
yellow to brown. 

2. Add to 2 or 3 c.c. of the solution two or tliree drops of copper 
sul|)hate, and then caustic soda, until a clear blue solution is 
obtained, and heat to l)oiling. Red cuprous oxide is ])rocipi- 
tated. 

3. Add a few drojis of glucose solution to half a test-tube 
of ammonio-silv(‘r nitrate solution and place the test-tube in 
hot water. i\ mirror of metallic silver is formed. 

4. Dissolve about 0*5 gram of glucose in 5 c.c. of water, and 
add a solution of plienylhydrazine acetate, made l)y dissolving 
I gram of ])henylhydra/.inc in tlie same weight of ^dacial acetic 
acid, and diluting to 5 c.c, MIk the solutic^ and warm in the 
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water-bath. In a few minutes the yellow crystalline phenyl" 
glucosazone (m. p. 204 — 205") is deposited. 

5. Mix a few drops of a glucose solution with a few drops 
an alcoholic solution of a-naphthol and pour slowly down the sid^ 
of the test-tube a few drops of cone, sulphuric acid. A violel 
colouration is produced. (MolisclVs reaction.) See Appendix^ 
p. 271. 

Benzene. 

Pure Commercial Benzene, obtained from coal-tai' 
naphtha, should distil within one degree (80 — 81^), and solidify 
completely when cooled to 0°. Other tests are as follows ' 
shaken with concentrated sulphuric acid for a few minutes, the 
acid should not darken, and a drop of bromine water should 
not be immediately decolourised. A single distillation over a 
few small pieces of sodium, which absorb any traces of water, is 
usually a sufficient purification. If the benzene impart a brown 
or black colour to the sulphuric acid, it must be repeatedly 
shaken with about 20 per cent, of the acid until the latter 
becomes only slightly yellow on standing. This is done in a 
stoppered separating funnel, and after shaking fora few minutes 
the mixture is allowed to settle, and the lower layer of acid 
drawn off. The benzene is then shaken two or three times with 
water to free it from acid, carefully separated from the aqueous 
layer,, and left in contact with fused calcium chloride until the 
liquid becomes clear. It is then decanted, frozen in ice, and 
any liquid (carbon bisulphide, paraffins) carefully drained off, 
and the benzene finally distilled over sodium. 

Propeydies. — Mobile, colourless liquid ; m. p. 5*4° ; b. p. 8p'4'^ ; 
sp. gr. 0*874 20°. Coal-tar benzene usually contains a little 

thiophene, C4H4S, which may be detected by dissolving a few 
crystals of isatin (see p. 229) in concentrated sulphuric acid and 
shaking up with the benzene. If thiophene is present, a blue 
colour is produced (indophenin reaction). 

Fractional Distillation, — It is often possible to separate 
almost completely by a single distillation, two liquids occurring* 
together in a mixture when their boiling points lie widely apart. 
The more volatile liquid first passes over, the temperature 
suddenly nse^ and the higher boiling liquid distils. 

It is otherwise when a liquid consists of a mixture of sub- 
stances boiling at ^nperatures not very far removed from one 
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another, especially in the case of homologous coinpounds, such 
as occur in pelroleuin and coal-tar na})htha. One distillation 
suffices only to produce verjypartial se{)aration of the different 
substances, a portion of the less volatile liquid being carried 
over in the first distillate, together #ilh the more volatile body. 



Ft<;. yf) rcj)rcs(‘nts ri scri<*s of simiilc oincic-nt frnclion.Mtini; column', or still' 
heads, A is that of Vii^reiix, in \vhl«:h iIm- ccuisti iciiom, ar<* lonned hy in- 
ileiitinj.' tile tube iiself; 1*. is llempel's coluinn and <«insists ol’ .i loiii' wide tuh(’ 
Idled with t^lass heads; f, o, .iiid r; are cohnnns devi*.c<l hy N'otiii',' and 'riioinas, 
the last hi'iiiy, useful wiien lar:,;e i|naniliies of liijnid liave to he distilled, t con 
ttuns a smies of c,lass discs fused on to a ro<l, which can In- temo\ed iVom tin 
tube; 1 ) has a '-.cries of pear-shaped bulbs bbiwn on the stem, and i-: is a wide 
tubi; with a series o|’ Constrictions in of which a sjiud! btrnt I’.lass (hippiiu; 

tulai is suspeiideil in a i;au/e cup. 


the temperature gradually rising throiigliout tlie distillation. In 
order to effect separation of the several suhslanees, recourse i- 
had to tlie method of fractional disiillatit)n. 

'f^c li(.(uid is distilled in a round flask oper wire»gau/.(‘ or. 
better, in a fusible metal bath, a bit of y^rous pot or a coil (»! 
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platinum-wire being placed in the flask to prevent bumping*- 
The flask is surmounted with a fractionating column, in whicl'i 
the thermometer is fixed. Vai'ioiis {prms of fractionating columns 
are used (see Fig. 76). 

The effect of the column|may be explained as follows: 
vapour given off* from a mixture of liquids contains a larger pro- 
portion of the more volatile constituent than the liquid. If this 
vapour is condensed in its ascent, the vapour above this con- 
densed liquid will be still richer in the more volatile constituent. 
If, by a series of constrictions or diaphragms, the condensed 
liquid is obstructed in its return flow, a momentary equilibriunn 
between liquid and vapour is established at each diaphragm, and 
the longer the column the greater will be the amount of more 
volatile constituent in the last portion of vapour to undergo con - 
densation. This passes off by the condenser and is collected 
in the receiver. The apparatus (Fig. 76, E) can be made out 
of a piece of wide tubing-. This is constricted in the blow-pipe 
flame, near one end, and a piece of copper wire-gauze with a. 
circular hole, carrying the little bent tube, is placed on the con- 
striction. A second constriction is made and another gauze 
diaphragm introduced. The number of diaphragms may vary 
from 10 to 20, according to the degree of separation required.^ 
Commercial 50 per cent, and 90 per cent. Benzene 
are mixtures of benzene and larger or smaller quantities of its 
higher boiling homologues, viz., toluene (b. p. 110°) and the 
xylenes (b. p. 137 — 143'’). The constituents may be separated«by 
fractional distillation. 

Fit up an apparatus with fractionating column and distil 
200 c.c. 50 per cent or 90 per cent, benzene, at a regular spfed, 
so that the drops falling from the end of the condenser may be 
readily counted. Collect the distillate between every five degrees 
in separate flasks. Redistil each of these fractions in order, 
adding the next to the residue of the previous one in the 
distilling-flask. Collect portions boiling below 85° and above 
105® between every two or three degrees. It will be found that 
by a repetition of the process the liquid is ^fadually separated 
into two large fractions, consisting chiefly of benzene and tolt|ene, 
and a number of smaller intermediate fractions. The following- 
table gives the -ifolume in c.c., and the- boiling points # the 
1 T^ns. Chern^ Soc.^ 1899 , 76 , 700 , 
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fractions olUained ])y this method from 200 c.c., 50 per cent. 
Ijcnzene, each talde denotin'^- a complete series of fractionations, 
using a siinj)le column with two Ixilbs, 
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^12 C.C. I 

Mt.-rr.'ic- 

aioii;it<-d 

1 

I 

! 


rv e.r, 

7 c.c. 

1 

1 


6 C.C. 

5 c.c. 


j 


.'U C.<!. 

7 c.c. 

50 c.c. 

d c.c. 

27 c.c 

42 C.C. 


Tlic fraction 79 -81 is further purified in the manner already 
described. 
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Preparation 46. 

Bromobenzene (Phenyl bromide), C^jHsBr. 

Cohen and Dakin, T 7 'ans. Chein. Soc.^ 1899, 76 , 894; Cross 
and Cohen, Proc. Chem. Soc., 1908. 

50 grms. benzene. 

120 „ (40 c.c.) bromine. 

0*5 „ pyridine. 

The apparatus is similar to that shown in Fig. 63, p. 89, but tine 
flask should be placed in a water-bath, in which it can be heateci, 
and the tap-funnel may be dispensed with. The benzene, bro- 
mine, and pyridine are placed in the flask and heated 1025 — 30*^? 
when a vigorous and steady evolution of hydrogen bromide 
takes place, the gas being absorbed by the water in the beaker. 
When the action slackens (about i hour) the temperature of tire 
water-bath is gradually raised to 65 — 70^, and the process 
stopped when most of the bromine has disappeared and tire 
evolution of hydrogen bromide has nearly ceased. The cotr- 
tents of the flask are cooled and poured into dilute caustic soda, 
solution contained in a separating funnel and shaken. Suffi- 
cient alkali must be present to give an alkaline reaction after 
shaking. The lower layer is drawn off and dehydrated over 
calcium chloride. When perfectly clear the bromobenzene is 
filtered or decanted into a distilling flask (200 c.c.) provided 
with a thermometer and distilled over wire-gauze. Unchanged 
benzene first passes over ; the temperature then rises rapidly 
and the portion boiling at 140 — 170'^ is collected separately. It 
is redistilled and collected at 150 — ibo*". Yield 60 grams. 

CfiHc + Br^ - CcHsBr + HBr. 

The pyridine acts as “halogen carrier,” probably by forming’ 
the additive compound which gives up its bromine to 

the benzene. 

Properties. — Colourless liquid ; b. p. 154 — 155° ; sp. gr. i'49^ 
at 16° 

Hydrobromic Acid. — The weak solution of hydrobromic 
acid which collects in the beaker in the course of the above 
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action may be concentrated by fractional distillation, as in the 
case of hydriodic acid (p. 113), and used in the preparation of 
bromotoluene (p. 167). It boils at 126° at the normal pressure, 
has a sp. gr. of 1-49, and contains about 47 per cent, of HBr. 
See Appendix^ p. 271. 

Preparation 47. 

Ethyl Benzene, C0H5.C0H5 

Fittig, Annalen^ 1864, 131 , 303. 

60 grms. broinobenzene. 

52 „ ethyl bromide (see p. 54). 

26 ‘5 ,j sodium. 

A quantity of ether, which has been freed from alcohol by 
distilling over caustic potash, and dried over calcium chloride 
and sodium (see p. 61), is poured into a round flask (i litre). 
The amount of ether should be about twice the volume of the 
mixed phenyl and ethyl bromides. The sodium, cut into thin 
slices with the sodium knife, or squeezed into fine wire, is added 
to the ether, and when all evolution of hydrogen has ceased, 
the flask is attached to an upright condenser and immersed in 
a vessel of ice- water. The mixture of bromobenzene and ethyl 
bromide, both carefully dehydrated, is poured into the flask. 
The reaction is allowed to commence spontaneously, the fact 
being indicated by the appearance of the sodium, which be- 
comes darker in colour and sinks to the bottom of the vessel. 
Although the flask is allowed to remain in the outer vessel, and 
is cooled by water and ice, the heat evolved often causes the 
ether to boil. The flask is therefore not removed until the re- 
action is over. It is convenient to leave it over night. The 
lic[uid is then decanted from the sodium bromide, which has a 
blue colour, into a distilling flask, and rinsed out once or twice 
with ether. The ether is removed on the water-bath, a bit of 
porous pot being added, and the residue is fractionated with a 
fractionating column. The portion boiling at 132 — 135^ is 
collected separately. Yield 20—25 grams. 

CoH^Br + CoHsBr -f 2Na = + cNaBr. 

Properties.— liquid; b. p. 134°; sp. gr. 0-8664 at 
22-5°. See Appendix, p. 273. 
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Preparation 48. 

Nitrobenzene, CtjHgNOo 

Mitscheiiich, Annalen^ 1S34, 12 , 305. 


50 grms. benzene. 

80 „ (60 c.c.) cone, nitric acid, sp. gr. i ‘4- 

120 „ (60 c.c.) cone, sulphuric acid. 

The two acids are mixed and well cooled, and then slowly 
added from a tap-funnel to the benzene, which is contained in n 
flask (-i- litre). The contents of the flask are s/iake/i id ten 
each fresh addition. Nitrous fumes are evolved, and a considei - 
able amount of heat developed. Care must, however, be t alee 11 
that the temperature does not exceed 50 — 60'^ by immersing tli t* 
flask, if necessary, in cold watei*. The nitrobenzene seiaartrU-s 
out as a browh, oily layer on the surface of the acid licitiitl. 
When the acid has all been added, an operation which 1 its is 
about half an hour, the mixture is heated for about twenty 
minutes oh the water-bath, and again well shaken. The ccin- 
tents of the flask, on cooling, are poured into a stoppered se] :>;i'" 
rating-funnel, the lower layer of acid removed, and the nitro- 
benzene washed free from acid by shaking once with wittt*r 
(50 c.c.), then with dilute carbonate of soda solution, and tigjiiin 
with water, the oil being each time withdrawn from the bottom 
of the vessel. The nitrobenzene, sepeirated as carefully as poi:^ - 
sible from water, is allowed to stand over a few pieces of fused 
calcium chloride, and shaken occasionally until the litjuicl i 
clear. The yellow liquid is decanted, or filtered from the; 
cal'cium chloride, and distilled in a distilling -flask, with con- 
denser tube only. At first a little benzene passes over ; 
temperature then rises, and the nitrobenzene distils at 304 
207'^, and is separately collected. The brown residue con si -s I s 
of dinitrobenzene, the cpiantity depending upon whether lim 
temperature during nitration has been allowed to rise too laigj lx. 
Yield about 60 grams. 

CoHti -1- HO.NO.3 = CcH-NO. + H, 0 . 

The function of the sulphuric acid is that of a dahyclra-tinci 
agent-taking up the water formed in-the reaction. 

Properlies.-~lAgh.t yellow licpid, with a smell of bittei 
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alnionds ; 1). p. 206—207°, sp. 1*208 at 1 5 ' ; m. p. 3!! 
soluble in water, soluble in alcohol, ether, and benzene. 

Rc<ic/ioJi . — Pour a clro}) of nitrobenzene into a test-tuVj^ with 
1 c.c. water and i c.c. ‘glacial acetic acid. Adda little zinc-dust 
on the point of a penknife, and wririn for a minute. Dilute 
with a few c.c. of water, and add caustic soda solution until 
alkaline, and pour a few drops into a test-tube half filled with 
sodium hypochlorite solution. A violet colouration, which 
gradually fades, is ])roduced, due to the presence of aniline 
(see p. 1 50). See Appendix, ]). 274. 

pRKl*A RATION 49. 

Azoxy benzene, C,; U * N N . C,j 1 i 

Klinger, Her., 1882, 15 , 865. 

200 grins, methyl alcohol. 

20 „ sotlium. 

30 „ nitrobenzene. 

Attach an upright condenser to a round flask (1 litre). Pour 
in the methyl alcohol and add the sodium in small pieces, 
2—3 grams at a time. A good stream of water should ])ass 
through the condenser, l,)ut otherwise the flask need not be 
cooled. When the sodium has dissolved, the nitrobenzene is 
introduced, and the mixture boihal on a water-bath three to 
four hours. 'Phe methyl alcohol is then distilled off in the 
water-bath. As the licjuid is liable to burn]), owing to the 
separation of solid matter, it is advisable to add a few bits of 
pot. When no more alcohol distils, the residue is poured into a 
l)eaker of wattM’ and rinsed out. A dark-coloured oil is deposited, 
which soon solidilies, and is thim washed by decantation, and 
pressed on a jiorous plate. Yield about 23 grains. It is re- 
crystallised, when dry, from ligi-oin, in which it is rather soluble. 

4CoH.*NO. + 3NaC)CI I,--2C,I If.N N.Ql b, 4 - 3HCO.ONa 

4-311,0. 

— Yellow needles ; in. p. 36 . vSee Appc/niix\> 

t). 274. 
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Azoxybenzene from Nitrobenzene by Electro- 
lysis. — Nitrobenzene can be conveniently converted into azoxy- 
benzene by electrolytic reduction. The apparatus required is 
shown in Fig. 77. 

It consists of a porous cell which forms the cathode chamber 
and contains 20 grams nitrobenzene and 160 grams 2’ 5 per 
cent, caustic soda solution. The two are kept well mixed 
throughout the operation by a rapidly revolving stirrer. The 
cathode is a cylinder of nickel gauze (12 cms. x 8*5 cms. = 100 sq. 
cms.). The anode chamber is the outer glass vessel or beaker, 



Fig. 77. 


which contains a solution of sodium sulphate acidified with 
sulphuric acid ; a cylinder of sheet lead serves as the anode. 
An ordinary ammeter (A) and resistance (A) are connected in 
series with the battery and electrodes, and it is also useful, 
though not essential, to insert a voltameter (F) between the 
two electrodes. A current density of i to 5 amperes per 100 sq. 
cms. is used and 15 — 20 ampere hours will complete the 
reduction.^ 

The oily liquid which separates in the cathode chamber, and 

1 The current may be obtained from a number of secondary batteries or from a 
direct electric light circuit with a suitable resistance. '■ 
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consists of azoxybenzene mixed with aniline and a little un- 
changed nitrobenzene, is distilled in steam, which removes the 
impurities. The residue then solidifies on cooling, and is filtered, 
dried, and recrystallised. Yield 1 1 grams (6o — 70 per cent, of 
the theory) (Elbs, Electrolytic Preparatio7is^ trans. by R. S. 
Hutton, p. 76). 

Preparation 50. 

Azobenzene, C^HsNiN.CcH- 

Mitscherlich, Ajt/ialen^ 1S34, 12, 31 1. 

5 grms. azoxybenzene. 

15 „ iron filings. 

The azoxybenzene and iron filings, both of which must be 
carefully dried on the water-bath, are powdered together and 
distilled from a small retort, which is conveniently made by 
IHowing a large bulb on the end of a piece of rather wide 
tubing li- cm. inside diameter, and then allowing the bulb 
whilst hot to bend over. The mixture is carefully heated, the 
burner being moved about until the contents are thoroughly 
liot, and then the mixture is more strongly heated until nothing- 
further distils. The distillate, which forms a solid, dark- red 
mass, is washed with a little dilute hydrochloric acid and water, 
and then pressed on a porous plate. It is crystallised from 
ligroin, in which it is very soluble. 

QiH,N N.CgH^ -{- Fe = QH,N : N.QH,, + FeO. 

• \o/ 

Properties . — Red plates; m. p. bS""; b. p. 295^. See Appendix^ 
p. 274- 

Azobenzene from Nitrobenzene by Electrolysis.— A 
good yield of azobenzene can be obtained by the electrolytic 
reduction of nitrobenzene in alcoholic solution. The apparatus 
is similar to that shown in Fig. 77, p. 144, but in the present 
case the cathode chamber is the outer vessel, which should be a 
deep, narrow glass cylinder or beaker. The cathode liquid is 
a solution of 20 grams nitrobenzene and 5 grams sodium acetate 
crystals in 200 c.c. 70 per cent, spirit. The cathode is a cylinder 
of nicj:cl gauze. A large porous cell forms the anode chamber, 
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and contains a cold saturated solution of sodium carbonate. 
The anode is a wide strip of sheet lead. A current density of 
6 to 9 amperes per 100 sq. cms. is passed for I7‘4 ampere hours, 
and then a lower current density fora further i — 2 ampere hours. 
During- the reduction the cathode liquid becomes very hot and 
the alcohol which evaporates must be replaced. The cathode 
liquid at the end of the process contains, in addition to azoben- 
zene, azoxybenzene and hydrazobenzene. If is poured into a 
flask and the hydrazobenzene is oxidised to azobenzene by 
aspirating a current of air through the solution for half an 
hour. The greater part of the azobenzene separates and can be 
filtered ; the remainder, which is less pure, is precipitated from 
the filtrate by the addition of water. It is recrystallised from 
ligroin. Yield 90 per cent, of the theory. 

(Elbs, Electrolytic Preparations^ trans. by R. S. Hutton, 
p. 78.) 

PREP. 4 RATION 51. 

Hydrazobenzene (Diphenylhydrazine)C6H5N H. N H C,5H5 

Alexejew, Zeitschr,/. Cheni.^ 1867, 33 ; 1868, 497 ; E. Fischer, 
Anleitung zur Darstelhmg org. Prdparate^ p. 23. 

50 grms (42 c.c.) nitrobenzene. 

54 „ caustic soda (in 200 c.c. water). 

50 c.c. alcohol. 

100 — 125 grms. zinc dust. 

The apparatus is shown in Fig. 7$. It consists of a large, 
round, wide-necked flask (i-| litre) furnished with a cork perfor- 
ated with three holes. Through one hole a stirrer, moved by a 
water-turbine or electric motor, passes in the manner shown in 
Fig. 78. To the stem of the stirrer a short, wide glass tube is 
attached which revolves in the annular space formed at the end 
of an adapter by fusing to it an outer concentric piece of wider 
tubing. When this space is filled with water it serves as a 
water seal. Through a second hole a wide glass tube is inserted 
by which the zinc dust is introduced, and is fitted with 
a cork. The third hole is furnished with an adapter to which 
a condenser is attached. The nitrobenzene, caustic soda solu- 
tion, and the alcohol are poured into the flask and the stirrer set 
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in rapid motion so that the contents are kept thoroughly agitated. 
The thorough mixing of the materials is essential to the success 
of the process, 'fhe zinc dust is added in quantities of 3 — 4 
grains at a time through the wide glass tube, which is closed by 
a cork after each addition. 'I'he mi.xlurc soon becomes warm 
and eventually boils. To prevent the liquid boiling over the 
frothing is allowed to subside before fresh zinc dust is added, 
d'he operation is usually completed in J hour, when the liquid, 
which has first a deep 
red colour (azobenzene), 
becomes pale yellow. To 
examine the colour a 
sample should be with- 
drawn with a pipette 
and filtered, 'riie stir- 
ring is continued for 
another hour. A litre 
of cold water is added 
which preci])itates the 
h y cl razob c n zen e. 'F h e 

mixture of hydrazol)en- 
zene and zinc residues 
is filtered at the ])umi) 
and washed free from 
alkali with water. I’he 
])recipita,te is then pressed clown and extracted with 750 c.c. 
of sjiirit on the water-bath with reflux ciondenser and filtered. 
On cooling in a freezing mixture, the hydra,zobenzcne crystal- 
lises in c:olourless ])lates, which are filtered and washed with a 
little spirit. The mother liipior is used for a second extraction 
of the zinc residues, and from the filtrate a further quantity 
of hydrazobenzene is pre('i))itated with water. If the second 
croj) of crystals have a yellow c'oloiir crystallisation from alcohol 
will remove it. Yield 30 35 grams. 

(',, 11 ;, NO, t 3/11 I 6Na()ll ~~ Qlh^NII.NHC.dln I 

7 "--Colourless plate's ; in. ]), 125 

/vVva7/c/;/.v. — I. Heat a small (|Uantity in a dry test-tube. 
Notice tlic colour. On cooling add a little water and |)our a few 
dro])s into a solution of sodium hypochlorite. A violet colour^- 
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tion indicates aniline. 2C(jH5NH.NH.C(jH5 = C(jH^N:NCeH5== 
2CoH,NH.,. 

2. Heat a small ciuantity with Fehling’s solution and observe 
the formation of cuprous oxide. The hydrazobenzene is oxidised 
to azobenzene. 

Benzidine. — Five grams of powdered hydrazobenzene are 
shaken with 125 c.c. hydrochloric acid (3 per cent.) at 20 — 30'^. In 
a quarter to half an hour the substance will have completely dis- 
solved. Finally, the mixture is heated to 45 — 50", a little water 
added to redissolve any benzidine hydrochloride, and filtered 
warm. The benzidine is precipitated from the solution of the 
hydrochloride by adding to the cold solution an excess of caustic 
soda solution. It is filtered and washed free from alkali, and • 
recrystallised from boiling water or dilute alcohol. It crystallises 
in plates with nacreous lustre, m. p. 127°. 

CqHsNH.NHCcHs = NHgCoHi.CeH^NH^j. 

See Appendix^ p. 275. 

Preparation 52. 

Phenylliydroxylamine, CyH5.NH.OH 

Bamberger, Ber.^ 1894, 27 , 1548; Wohl, Ber.^ 1894, 27 , 1432 ; 

Friedlander, Theerfarbenfabrikation^ IV.. 48. 

6 grms. ammonium chloride (in 200 c.c. water). 

12 „ nitrobenzene. 

18 ,, zinc dust. 

Mix the nitrobenzene and ammonium chloride solution in a- 
flask (-0- litre). The zinc dust is added in portions of about a grarii 
at a time with constant shaking or stirring by turbine, the tem- 
perature being maintained below 1 5°, by cooling if necessary in ice 
water. The addition of the zinc dust should take about an hour. 
The shaking is continued for another quarter of an hour, when 
the smell of nitrobenzene will have disappeared. The contents 
of the flask are filtered and washed with 100 c.c. water, so that 
the water trickles slowly through the filter. The filtrate is 
saturated with clean salt (80 grams) and cooled to o'^. Colour- 
less crystals of phenylliydroxylamine fill the liquid, d liey are 
filtered at the pump, dried on a porous plate, and recrystallisecL 
if necessary from benzene. Yield C— 8 grams. 
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- needles ; m. p. 8i 

Rctu’iiofts. — Add to a solution of phenylhydroKylriniiiKi I'eh- 
Hive’s solution and warm. Ciijjrous oxide is i)re(:i])itat(*(l. 'I'o 
another portion add aminoniaeal silver nitrate and warm. Silver 
is de|)osite<l. See A/i/H'fhiix\ |). 276. 

Nitrosobenzene. -Dissolve 4 ^rams of phcn\']hy(lro\yl-" 
amine in the e(|uivalent quantity of ire cold 6 per cent. sul[)hurie 
acid (4 e.c. in 66 c.c. water), and add a well-cooled solution of 4 
grams potassium l)ic]iromate in 200 c.c. water. Yellow crystals of 
nitrosol^cnzeno are deposited whirli distil in the \'apour of steam 
with an emcrald-grccn colour ; m. p. 67 - 68*. 

QjI^NHOH -h 0 ==:QII.N 0 -h M,. 0 . 

p-Aminophenol. — Add gradually i gram of phenylhydroxyl- 
aminc to ro c.c. cone, sulphuric acid and 15 grams of ice, dilute 
with 100 c.c. of water and boil. Test a small sampl(‘ with ])i 
chromate solution in order to see if the smell is that of nitro 
benzene or c[uinonc. In the latter case conversion is conqjhucx 
I'he acid liquid is neutralised with sodium bicarl)onat(‘, salurat<‘d 
with common salt and e.xtracted with ether. On distilling off 
the ether, z/-amidophenol crystallise.s ; m. p. 186". 

C,jl 4 NH. 0 H •= OII.C,.II.,.NMl... 


Ih>lEl‘.\RAT10N 53. 

Aniline (Aminobcnzen(‘ ; IMienylamim*'), C'ldl-.N!!., 

Zinin, Anna/cn^ 1842, 44 , 283. 

50 grms. nitrobenzene. 

90 „ granulated tin. 

170 c.c. cone, hydrochloric ac*id (sp. gr. i'i6i. 

Introduce the tin and nitrol)enzene into a round flask fi’, 
litre), and fit it with a straight upriglit tulK‘ about 2 h^'t long 
(air-condenser). Heat the mixture for a few minutes on the 
watcr-l)ath. Then remove the llask and add the concentrateil 
hydrochloric acid in quantiticss of 5 10 {\c. at a tim(‘, and shalo* 

repeatedly, 'flic liquid .shouhl Ixicome hot and boil (piietly ; 
but, if the action becomes too violent it must be moderated l>y 
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cooling the flask in cold water. In the course of — -f hour all 
the acid should have been added ; the flask is then replaced on. 
the water-bath without the air-condenser, and heated for an 
hour or more until the reduction is complete. This is ascer- 
tained by the absence of any smell of . nitrobenzene. The 
contents of the flask, on cooling, solidify to a crystalline mass 
(a double salt of stannic chloride and aniline hydrochloride) 
Whilst still warm, water (loo c.c.) and strong caustic soda, 
solution (140 grams in 200 c.c. water) are added until the 
stannic oxide, which is first precipitated, nearly redissolves 
and the liquid has a stongly alkaline reaction. If the mixture 
begins to boil during the addition of the caustic soda solution 
it must be cooled. The aniline, which separates out as a dark:- 
coloured oil, is distilled in steam. The apparatus is shown in 
Fig. 68, p. 107. The flask containing the aniline is gently 
heated on the sand-bath, and steam is passed in from the tin 
bottle. It is advisable to heat the aniline mixture on tHe 
water-bath before steam is admitted, as otherwise a lar|ge 
quantity of water condenses in the flask. On distillation, 
aniline and water collect in the receiver, the former as a colour- 
less oil. When the distillate, as it comes over, appears clea.r 
instead of milky, the distillation is stopped. The oil is noAV 
extracted from the distillate by shaking up the liquid in n 
separating-funnel three times with small quantities (30 c.c.) ox 
chloroform. The chloroform solution, separated as far as possible 
from water, is further dehydrated by adding a little solid potas- 
sium carbonate. The clear liquid is decamted into a distilling^-- 
flask, the flask rinsed with a little *^¥hloroform, and tlxe 
chloroform removed by distillation until the temperature 
reaches 100°, when the receiver is changed. Aniline distils nt 
182 — 183'^, and has usually a faint amber colour. Yield, aboxil 
30 grams. 

eCcH^NO. -k 3Sn -h 12HCI = 2CCH5NH2 -f 3.SnCl4 + 4H2O 

Properties. — Colourless, highly refractive liquid, which soon 
darkens in colour ; b. p. 183° ; sp. gr. 1*0265 15°. 

Reactions. — t. Add a drop of the oil to a solution of bleacli- 
ing powder or sodium hypochlorite. An intense violet colourn.- 
tion is produced, which gradually fades. 

2. Heat a drop of the oil with a few drops of chloroform, and 
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about I of ab'oliolic potash, hi flit' fiiiiu'-iupboani. Phenyl 
carbamine is fonncd, whieh })ossesscs an intolerable smell. 
(Hofmann’s reaction for primary amines.) 

3. Acid to a droj) of aniline in a basin a few drops of con- 
cxnitrated sul])luiric. acid, and stir with a ^lass rod. Then add 
a few dro|)s of jjotassiuin bichromate solution. An intense 
blue colour is olHained. 

4. Dissolve a few drops of aniline in 5 c.c. dilute hydrochloric 
acid, cool under the tap and add a few drops of a solution of 
sodium nitrite. Then pc^ur some of the solution into about 
half n gram of phenol dissoh’ed in a few c.c. of caustic soda 
solution. An orange solution of sodium hydroxyazobenzene is 
formed (see Reaction 6, p. 163). 

I h-i N 1 R. M Cl tun O.. - I Pv N X. 1 T 2 1 1 A ) 

C,,Il..N,.(:i + C,5H,vONa--C«n.,.NX,;f^ 

TNaOH TNaCl+Hp. 

See Appendix^ p. 277. 


PRKr>ARATION 54. 

Acetanilide ( Phenylacetamide), C,il fr,. N H.C( ).C H;. 

C. Williams, I'rans. Chew, Soc.^ 1864, 2, 106. 

. 25 grins, aniline (freshly distilled). 

30 c.c. glacial acetic: acid. 

Boil the mixture gently in a llask (250 c.c.), fitted with an air- 
condenser, for a day (7 8 hours). As the licjuid solidifies on 

cooling, it is at once poured out, while hot, into a basin of cold 
water (500 c.c.). It is filtered and washed with cold water. 
Acetanilide crystallises best from hot water, in which, however, 
it is not very soluliUx Place the moist acetanilide in a largc^ 
basin, and acid gradually about a litre of boiling watcir. If the 
substanc'c docss not dissolve completely on lioiling, a small cjuan- 
tity of s|)irit will bring it into .solution. Kilter tlirougli a large 
fliited filter or hot-water funnel (p. 53) and .set the solution aside 
to crystallise. If the product is dark coloured it is redis.solved 
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as before, and heated with a little animal charcoal (5 — 10 grains) 
for half hour and then filtered. Yield, 30 — 35 grams. 

CaH^NHo + CH3.COOH = C«H,NH.CO.CH3+H20 

Properties, — Rhombic plates ; m.p. 112° ; b.p. 295'’. 

Reaefio?!. — Introduce about 0*5 gram of the substance into a 
test-tube, and* add 3 c.c. concentrated hydrochloric acid. T 3 oil 
for a minute. On diluting with water, a clear solution is ob- 
tained. 

C„H,N H C.>H.>p + HoO + HCl = CoH^N H.. H Cl + CTL.COO IT . 

See Appemfix,, p. 278. 


Preparation 55. 

p-Bromacetanilide, ^ 

Remmers, Ber.,^ 1874, 7 , 346. 

5 grms. acetanilide. 

25 c.c. glacial acetic acid. 

6 g-rms. bromine. ^ 

Dissolve the acetanilide in the acetic acid in a flask (-| liti'c), 
and add gradually the bromine, dissolved in about twice its 
volume of glacial acetic acid, and shake well. When tlio 
bromine has been added, let the mixture stand hour ni'id 
then pour into 200 c.c. water and rinse out with writer. 
Filter the crystalline precipitate at the pump and wash three or 
four times with water. Press it well down and let it dm in. 
Dissolve the moist substance in spirit (about 60 c.c.) ;incl 
pour into a beaker to crystallise. Filter the crystals, wrisli 
with a little dilute spirit, and dry on filter paper. Yield 6 — 7 
grams. 

CcH^NH.CoHaO-f Br2 = C 6 H 4 Br.NH.C 2 H ;50 4-HBr 

P?‘ope 7 'ties,~^Co\ovLx\es>s needles; m.p. 165 — 166°. On Hy- 
drolysis with concentrated hydrochloric acid, jz^-bromaniline is 
formed (see above reaction for acetanilide). 
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Pkkpara'i ION 5r.. 

p Nitraniline. 

P>en(lcr and Erdmann, C 7 ic?nis(/it' Prapa 7 ‘afi' 7 ihmde^ vol. ii., 
p. 438. 

25 i^rins. acetanilide. 

25 c.c. acetic: acid (glacial). 

50 „ conc'. sulphuric acid. 

10 „ fuming nitric acid (s]x gT. r5), 

'flic acetanilide, acetic acid, and sul))luiric acid arc mixed by 
means of a mechanical stirrer and cooled in a freezing mixture. 
I'lie fuming nitric acid is then gradually added from a tap- 
funnel at such a si)eed that the temj)eraturc docs not exceed 
20 . After the acid has l)(.‘cn added, the mixture is stirred for 
an hour and |)oured on to ice. 'fhe product is then diluted 
with water, left to stand for a time, illtered, waslied, and dried 
on a porous plate. It mayl>e recrystallised from dilute alcohol, 
but is usually pure enough for further treatment. Yield is 
80 per cent, of the theory ; the remaining- 20 per cent, is ortho- 
compound and remains in solution ; m. p. 207 ". 

QHvN M.COCM.J+ I INC,- N( b.QI I.,.N H.COCH,-!- HoO 

'Idle /-nitracetanilide is either boiled with 2 h times its weight of 
concentrated liydrochloric a('id, or heated on the water-bath 
with twice its weight of ecpial volumes of suljihiiric acid and 
water until tint liipiid remains (‘lear on diluting- with water. 
'rh(‘ /-nitraniline which is now present in the licfuid as the hydro- 
chloride or sul|)hate, is diluted with water and ])reci{)itated by 
the addition of an exc'ess of caustic soda or fimmonia. When 
cold, the yellow crystalline precijiitate is filtered, washed and 
rc-crystalliscd from boiling- water. Vi(‘ld, 25 grams. 

-!- II/) I IH'l N()o.c;jII.,.Nn,.lICl 
i ” ' -t (‘ii/’ooii 

/Vc/zvy/e.r. — Yellow ne(‘dl(‘s ; in. p. 147 ; soluble in hot 
water ; very soluble in alcohol. 
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Preparation 57. 

m-Dinitrobenzene. ^ 

Deville, Ajw. Chim, PJiys,, 1841 (3), 3 , 187; Hofmann, 
Muspratt, AviuiIcit^ 1846, 57 , 214. 

30 grnis. nitrobenzene. 

35 „ (24 c.c.) fuming nitric acid ; sp. gr. 1*5. 

35 „ (20 c.c.) cone, sulphuric acid. 

The acids are mixed in a flask (500 c.c.), and the nitrobenzene 
added in portions of 5 — 10 c.c. at a time. Heat is evolved, and 
the mass becomes somewhat deeper in colour. When the nitro- 
benzene has been added, the flask is heated for a short time on 
the water-bath. A few drops are then poured into a test-tube of 
water. The dinitrobenzene should, if the reaction is complete, 
separate out as a hard pale yellow cake. If it is semi- 
solid, the heating must be continued. The contents of the flask 
are then, poured, whilst warm, into a large quantity of water. 
The dinitrobenzene, which separates out, is Altered at the pump 
and well washed with water. It is then dried. The yield is 
nearly theoretical. A few grams should be recrystallised from 
spirit. The remainder may be used for the next preparation 
without further purification. 

# CgH5.NO.4- HN 03 = CcH4(N02)24- HP 

Properties . — Colourless long needles ; m. p. 90" ; b. p. 397Y 
See Appendix, p. 279. 


Prp:paration 58. 

m-Nitraniline. \ 

Hofmann, Muspratt, Annalen, 1846, 57 , 217. 

25 grms. ?;/-dinitrobenzene. 

75 „ (95 c.c.) spirit. 

12 „ (13 c.c.) cone, ammonia. 

The powdered di nitrobenzene, spirit and ammonia, are mixed 
together in a flask (-| litre) and weighed. Hydrogen sulphide. 
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wiishocl wiitoi, IS piissecl into the dnrlv red pasty mass 

which is occasionally shaken* The dinitrobenzene slowly 
dissolves, whilst, at the same time, flakes of crystallised sulphur 
are de])oslted. When the j^as has been passinj^- for an hour the 
flask is removed and heated on the water-bath fora few minutes. 
After coolini;-, the litpiicl is aj»ain saturated with hydrogen 
sul])hide and then heated on the water-bath as before. When 
the j^as has been ])assing in a steady stream for fully two hours 
the ])r()cess is complete. Water is now added to the liquid until 
nothing further is preci])itated. dlie mixture is Altered at the 
pump and washed with a little water. The solid residue is 
transferred to a flask and shaken up with successive small 
quantities of hot dilute hydrochloric acid and the licjuid 
decanted through the original filter. The nitraniline dissolves, 
leaving the siiliihur. When no more nitraniline is extracted 
(this may be ascertained by adding ammonia in excess to 
a iiortlon of the acid solution, when no precipitate is formed), 
the acid solution is somewhat concentrated, cooled, and con- 
centrated ammonia added. The 7;/-nitraniline is precipitated, 
filtered when cold, and purified by recrystallisation from 
boiling water. The filtrate from the nitraniline may be concen- 
trated on the water-bath and a further small quantity obtained. 
Yield, about 15 grams. 

CVl,(NTY)o + 3Nll4HS = CJl.tNOo.NHo + 3NH3T3S^ 

Proper lies . — ^'ellow needles; m. p. 114^; b. p. 285'^. With 
tin and hydrochloric acid it is reduced to ;;i'-phenylenediamine, 
C,;II,,(Nlh).,. 

m-Phenylenediamine. Dissolve 30 grams stannous chloride 
(SnClo + 2l I.j{ )) in 50 c.c. cone, hydrochloric acid in a round flask 
litre) <and gradually add 5 grams w-nitraniline. The mixture 
is heated on the water-bath until no precipitate is formed on 
adding waUir (J, hour), d’hc liquid is diluted with 500 c.c. 
water, heated nearly to boiling and a current of h3^drogen 
sulphide passed in until all the tin is precipitated as sulphide 
\ hour). With this object a small quantity should be 
filtered and tested from time to time by passing in hydrogen 
sulphide. The ])rccipitate is left overnight to subside, the clear 
liquid decanted and the residue filtered at the pump through a 
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double-filter. The clear filtrate is concentrated on the water- 
bath until crystallisation commences and allowed to cool. 
The crystals of the hydrochloride of phenylenediamine sepai'ate 
and are filtered. A further quantity may be obtained by con- 
centrating the mother-liquors. Yield 6*5 grams. 


CoH/^S2+3SnC!,+8HCl = C„H4(NH„).,2HCl + 3SnCl.i 
' +2HaO. 


Reaction , — Dissolve a few crystals in water, acidify with 
dilute hydrochloric acid, and add a drop of sodium nitrite solu- 
tion. A deep brown solution (Bismarck brown) is obtainecL 
See Ap'pendix,, p. 279. 


Preparation 59. 

Dimethylaniline, CoHr)N(CH3)2 

Poirrier, Chappat,/<«/^m<^., 1866, p. 903. 

20 grms. aniline hydrochloride. 

1 5 „ aniline. 

22 „ methyl alcohol. 

The aniline hydrochloride is prepared by gradually adding’ 
cone, hydrochloric acid to aniline (20 grams in a beaker) 
until a drop brought on to a piece of filter paper, stained with 
methyl violet, turns it green. The liquid is quickly cooled and 
snrred so as to produce small crystals. It is then filtered, well 
pressed and dried on a porous plate. The dry hydrochloride i.s 
brought into a thick- walled tube closed at one end, and the 
mixture of aniline and methyl alcohol added. The tube is then 
sealed in the ordinary way and heated in the tube furnace 
gradually to 150° during two hours, and then to 180 — 200” for 
six hours more. The contents of the tube divide into two 
layers, the lower one consisting of the hydrochloride of the 
base and water, and the upper one of the free bases. The whole 
of the contents are poured out into a large separating funnel, 
and caustic soda added in excess. The addition of a little ether 
causes the bases to separate out more readily. The top layer 
is removed, and the lower aqueous portion is shaken up twice: 
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quantities of ether. The ethereal solution is de- 
over solid caustic potash, the liquid filtered and the 
water-bath. The residue is now boiled 
^ c- l^'i'iLiris acetic anhydride, using an upright condenser, for 
ai:i la 0^11' same flask, the side limb of which is stoppered. 

distilled. Unchanged acetic anhydride 
Passes thermometer then rises, and the 

poi-tioio. l:>oiling at 190 -200'' is collected separately. When the 
tc; ii^P^'^'dare is reached, it is advisable to keep only the 
lowex- of the condenser filled with water. The distillate 

a. amber colour. Yield, 20 grams. The residue in 

consists of acetanilide and methylacctaniliclc and 
Solidifies on cooling. 

C rio + CoH,,NlL..HCl-l-4CH,OH-QjH5NfCH.j)->HCl 

° +C„n,N(CH,,), + 4M/) 

- C()l()urless liquid ; b. p. 192 ' ; sp. gr 0*957 at 20"'. 

— Warm, with an equal volume of methyl iodide ; the 
Cfystallii^^ quaternary ammonium iodide will be formed, 

CoH,N(C J 1,),+ CH3I - C«H,N(CH3),.CH3l. 

p. 279. 


PkKl’ARATION 60. 

fj-Nitrosodimethylaniline, 


N (CH..)., 
yO or 

"n" 




/■N(CH3)„ I 


'■NO 


Rrteyoi*, Caro, /A’c., 1874, 7 , 8 jo and 963 ; Meldola, '/'ram. 
188 1, 39 , 37. 


30 grins, dimelhylanilinc. 

5 3 „ (45 c.c.) cone, hydrochloric acid diluted with 

100 c.c. of water. 

I 3 „ sodium nitrite (in 20 c.c. of water.) 

THo di iiiethylaniline is dissolved in the dilute hydrocliloric 
acid in loeaker and cooled in a freezing mixture, 'flie sodium 
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nitrite, dissolved in a small quantity of water, is then slowly 
added with frequent stirring. The separation of the hydro- 
chloride of nitrosodimeth^daniline in the form of small yellow 
needles soon begins, and the liquid is gradually filled witli a 
thick crystalline deposit. When, after standing for a short tinie 
(half an hour), no further increase in the quantity of crystals is 
observed, the mass is filtered at the pump and washed with 
spirit, to which one or two c.c. of concentrated hydrochloric 
acid has been added. It is then washed once or twice with 
spirit, drained and pressed on a porous plate. Yield, nearly 
theoretical. It may be recrystallised by adding small quantities 
of hot water, until the salt is just dissolved, and then setting’ 
aside to cool. If the free base is to be prepared, recrystallisa- 
tion is unnecessary. Ten grams of the hydrocliloride are inixecl 
into a paste with water in a flask, and caustic soda solution add eel 
in the cold until alkaline. The yellow colour of the salt changes 
to green of the free base. Sufficient ether is added to dissolve 
the green precipitate. The ethereal solution is carefully 
separated by means of a separating-funnel and most of the ether 
is then removed by distillation. The remaining liquid is poui'ed 
out into a beaker and set aside to crystallise. The base renaa-ins 
on evaporation of the ether in the form of brilliant green foliated 
crystals. 

CgH5N(CH3).HC1-1-HN02-(NO)CoH4N(CH3).>.HC14-H^O 

Properties . — Large green foliated crystals ; m. p. 85'. 

Reactions. — i. Dissolve a few crystals in dilute hydrochloric 
acid and add a little zinc dust. The solution is decolourised 
through the formation of dimethyl yJ-phenylenediaiiTiine, 
(CH3),N.CgH4NH.3. 

2. Warm a few of the crystals with yellow ammonium siil ph i de 
solution for a few minutes, acidify with hydrochloric acid, and 
finally add a little ferric chloride. A deep blue colouration- is 
produced, due to the formation of methylene blue. 

3. Dissolve 6 grams of caustic soda in 250 c.c. of water iind 
heat to boiling. Add 5 grams of the hydrochloride of nitroso- 
dimethylaniline gradually. The free base, which separates out in 
oily drops, is allowed to dissolve before each fresh addition. The 
boiling is continued until the dark green colour of the liquid 
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changes to reddish-yellow. Dimetliylamine is evolved and is 
easily rccoj^niscd by its smell. After cooling-, acidify the liquid 
in the bask and cxtracl with ether. On distilling off the ether, 
nitrosophenol (cjuinoneoxime) remains in the form of dark- 
coloured crystals, which are difficult to purify. 

The presence of a nitroso-compound may be detected as 
follows : Melt together a minute quantity of nitrosophenol and a 
few crystals of jihenol. Add about 2 c.c. concentrated sulphuric 
acid and warm very gently. A blue solution is obtained, which 
changes to red on dilution with water, and back to blue on 
adding alkali (Liebermann’s “nitroso” reaction ; see Reaction, 
p. j8o). See ]). 280. 


Pkki»aR;\tjon 61. 

Thiocarbanilide (Diphenylthiourea), ’ 

Hofmann, Annalcn^ 1849, 70 , 14^ 

30 grms. aniline. 

30 „ carbon bisulphide. 

30 „ absolute alcohol. 

The aniline, carbon bisulphide,^ and alcohol arc poured into a 
round flask (o litre), and heated for a day (8 hours) on the water- 
bath with ujiright condenser. As hydrogen sulphide is evolved 
the operation must either lie conducted in the fume cupboard or 
an exit tulie must be attaclied to the lop of the condenser tube 
dipping into soda-lime. 'I'he contents of the flask solidify after 
a time. When tlu‘. reaction is ('oinplele, the condenser is reversed, 
and excess of carbon bisulphide and alcohol distilled off on the 
water-bath, 'fhe residue is washed on to a filter with very dilute 
hydrochloric: acid, to remove any unchanged aniline, and then 
with water. 'J'he crystals are dried on a ])orous ])latc, and a por- 
tion crystallised from spirit. Yield 30 -35 grams. 

N H.. -i- CS. CS(N M C,;I h,).+ 1 b,S 


1 C'.'irbon hisulpliitlf 1)citi,i:’ very vul;itik: :ui(l t!Xct;oflini;ly innammahlc, great care 
must be t.akcn when using it in the neiglibourhoocl of a flume. 
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Properties , — Colourless rhombic plates ; m.p. 151°; scarcely 
soluble in water, easily soluble in alcohol or ether. 

Phenyl Thiooarbimide (Phenyl Mustard Oil), Q;Hr,N:CS 

The thiocarbanilide is boiled with two to three times the 
weight of concentrated hydrochloric acid in a flask witla <Ln 
upright condenser for half an hour. It is decomposed into 
triphenylguanidine, which remains as the hydrochloride in solu- 
tion (it is subsequently separated) and phenyl mustard oil, wItlIcIi 
separates out as a brown oil. On distilling the product in 
steam, the phenyl mustard oil is carried over into the receiver. 
It is separated by shaking out with ether, and removing' tlae 
ethereal layer with a tap-funnel. It is dehydrated over 
calcium chloride, and decanted into a small distilling flusk. 
The ether is removed on the water-bath and the mustard oil 
distilled, with the thermometer, using a short condenser tube. 
Yield, 9 — 10 grams. 

Properties. —Colourless oil with a peculiar smell ; b. p. 230^^ ; 
sp. gr. ri35 at 15^. 

Reactio 7 is.— i. Heat gently for a few minutes 0*5 c.c. phenyl 
mustard oil, 0*5 c.c. alcohol and c.c. concentrated ammoniiu 
On cooling, thiocarbanilamide, NH^.CS.NPI.C(jH5, crystallises in 
needles. 

2. Heat gently 0*5 c.c, phenyl mustard oil, and 0*5 c.c. aniline ; 
on cooling and rubbing with a glass rod, thiocarbanilide 
crystallises. 

3. Heaton the water-bath in a small flask with upright con- 
denser 3 grams of phenyl mustard oil and 10 c.c. absolute alcolitd 
for 3 hours, and pour into cold water. Phenylthiouretb.une, 
CfjM^NH.CS.OQHg, separates out and may be recrystallised 

drom alcohol. Yield, 2 h grams ; m. p. 67Y 

4. Heat a few drops of the mustard oil with yellow mercuric 
oxide and notice the irritating smell of phenyl carbimide. 

CgH^N :CS + HgO = QH.N :G 0 + HgS 

Triphenylguanidine.— In order to separate the triphenyl- 
guanidine remaining in the flask as hydrochloride after distilling;' 
off the phenyl mustard oil, the hot solution must be somewhat 
concentrated. The colourless salt, which crystallises out on cool- 
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ing, is filtered and washed with a little water. It is then 'warmed 
gently for a few minutes with dilute caustic soda solution. The 
base is liberated, filtered, washed with water and rccrystallised 
from spirit. 

.NHCoH, 

eC S(N H C,H T H Cl - CS N +- C. N H H Cl + H.S 

:NC,.Pr, 

'rhincaibunilide. Phenyl Mustard Tnphenyljruanidine 

Oil. Hydrochloride. 

p 7 ‘operiii \^. — Colourless needles ; m. p. 143A 
Reaction. — for a short time with moderately strong 
caustic soda solution. Aniline is formed. 

C : N C,H5( N H QjH,), + 2 NaO 11 + 1 1 ,0 - sCoH^N PL, + Na.C O3. 
See Appendix.^ p. 281. 


Prkparat jn 62. 

Diazobeiizene Sulphate, C(5H3:N.SO,iH 

N 

Criess, 1866, 137 , 76 ; Knocvcnagel, Bc 7 \, 1895, 28 , 

2049. 

15 grms. aniline. 

140 „ (175 c.c.) absolute alcohol.^ 

30 „ (16 c.c.) cone, sulphuric acid. 

20 „ amyl nitrite. 

Mix the aniline and alcohol and add the concentrated 
sulphuric acid in a slow stream with constant shaking. The 
precipitate of aniline sulphate, which first appears, redissolves. 
Cool the mixture to 30" and kee]j at 30 — 35° (thermometer in 
the liquid) and out of direct sunlight whilst the amyl nitrite is 
dropped in from a ta])-fimnel. Tlien cool in ice water and 
leave for half an hour. 'Phe diazobenzene sulphate separates as 
a colourless or pale green mass of needle-shaped crystals.'"' It 
is filterctd at the pump and washed with a little alcohol. 
Although diazobenzene sulphate is much more stable 'tlian the 


1 Noilhcr methylated siurit iior methyl alcoliul can Ijc suljstituted. 
COHEN’S ADV, P. O. C. At 
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nitrate, it is undesirable to let the precipitate become quite dry. 
The various reactions described below are carried out witla 
the slightly moist and well pressed precipitate. 

(CoH5NH4,HoSO,+2C5HiiONO + H2S04 = 2 CgH 5 N:N.S 04 H 

Properties . — Colourless needles ; soluble in water a.nd 
methyl alcohol ; slightly soluble in ethyl alcohol. 

Reactions . — The following reactions are performed in test- 
tubes with about a gram of the substance. 

1. Warm the substance with a few c.c. of ethyl alcolaol. 
Vigorous effervescence occurs and the liquid turns red. Wlaen 
effervescence ceases, add water. An oil separates out on tine 
surface consisting of benzene mixed with a little phenetol. 

CgH,NoS04H + C.H60 = C 6 H 6 4* N 2 + C 0 H 4 O + H^SO^ 

C0H5N2SO4H + + N2 + H2S64. 

2. Dissolve about a gram of the substance in a little water, 
cool in ice and make alkaline with caustic soda. Make an 
alkaline solution of stannous hydrate by dissolving 3 — 4 grams 
of stannous chloride in twice its weight of water and adding* 
strong caustic soda solution until the precipitate redissolves. 
Cool the diazo solution and add the alkaline stannous hydrate. 
Effervescence occurs, nitrogen is liberated and benzene separates 
on the surface of the liquid and can be detected by its smell. 

CgHgLV ONa + Sn(ONa)2 + HoO ^ CgHa + No + NaaSnO, 4 NaO 1 1 . 

3. Dissolve the substance in a few c.c. of cold water and acid 
a solution of bromine in potassium bromide until no furtlaer 
turbidity is produced. A black oil collects at the bottom of the 
test-tube. Pour off the top layer as far as possible, and let the 
oil stand in cold water. It .solidifies. This is the perbromicle of 
diazobenzene. 

C0H5N2SO4H + KBr + Br2=CcH,NBrNBr2 + KHSO^. 

Decant any liquid and warm the perbromide with a little alcolaol. 
Nitrggen and bromine are given off and bromobenzeiae is 
formed. 

GGH5NBrNBr2=CeH5Br + N 2 + Bi^ 

4. Dissolve the substance in a little cold water and add 
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potassium iodide solution. Effervescence occurs and a dark 
coloured liquid sejxirates out. This is iodobenzene. 

C0H5N.SO.1H + KI = C0H5I + N2 + KHSO4. 

5. Dissolve the substance in water and warm gently. Effer- 
vescence occurs and a dark coloured oil separates, which has the 
smell of phenol. When effervescence ceases, cool and shake 
up with a little ether. Decant the ether into a dry test-tube. 
Evaporate the ether and test the residue for phenol, see p. 179. 

ColIr.Ni>S 04 H + H.O = C0H5OH + H0SO4 + N2. 

6. Dissolve the substance in cold water and add it to a 
solution of phenol in caustic soda, drop by drop. An orange 
crystalline precipitate of hydroxyazobenzene is formed. Repeat, 
using / 3 ~naphthol in place of phenol. A scarlet precipitate is 
obtained. 

Cd-l5N.SO.,H -h QjH^ONa - C«H 5 N:N.CoH 40 Na + Na 2 S 04 

+ 2NaOH H- 2H2O. 

7. Dissolve in cold water and add a few drops of aniline, 
and shake up. Diazoaminobenzene separates out as a yellow 
crystalline precipitate. 

QiH^N.SO^H + C0H5NH2 = C„H5N:N.NHCf;H5 + H0SO4. 

8. Heat 0*5 gram of the dry substance on an iron tray. It 
decomposes with slight explosion. 

Any of tlie diazo-compound which remains over should be 
dissolved in water and poured away. See Appendix^ p. 282. 


Preparation 63. 

Toluene from p-Tolnidine, 

f'riedliinder, 7 ?rr., 1889, 22, 5^7- 
10 grms. /;-toluidinc. 

30 c.c. ('onc. hydrochloric acid (in 60 c.c. water). 

7*5 „ sodium nitrite (in powder). 

15 „ of caustic soda (in 50 c.c. water). 

30 „ stannous chloride (in 75 c.c. water). 

The /;-toluidine, whicli is placed in a beaker, is dissolved in 
the hydrochloric acid by warming and is then cooled under the 

M 2 
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tap, so as to obtain small crystals of the hydrochloride. Xlie 
beaker is placed in a freezing mixture and the contents cooled 
below Io^ The sodium nitrite is added in small portions at a 
time with stirring, the temperature being kept below 10°. Xhe 
hydrochloride gradually dissolves in the form of the soluble 
diazonium salt. Towards the end of the operation a drop of the 
solution is occasionally tested with potassium iodide and starch 
paper when an excess of nitrite is indicated by a blue staixi. 
The solution is poured very slowly into the solution of caustic 
soda previously cooled in ice, so that the temperature does not 
rise above 10°. 

CH3.C6H4N2CI + 2NaOH = CHs-Cel-bNaONa + NaCl + 

Meantime the stannous chloride solution is converted into sodium 
stannite by adding a 50 per cent, solution of caustic soda until 
the precipitate of the hydrate nearly redissolves (about 30 grams 
of caustic soda). The liquid is placed in a round flask (500 c.c.) 
attached to a condenser and cooledVin ice. The alkaline diazo 
solution is poured through the top of the condenser in small 
quantities at a time. After each addition there is a vigorous 
effervescence and evolution of nitrogen, and a brown oil separates 
which consists of impure toluene. 

CHaCeH^NgONa + Sn(ONa)2 + H2O = CHg.QPb + Ng + Na^SnO-j 
+ Na6H. 

When the solution has all been added the toluene is distilled off 
in steam, separated from the water, and dehydrated over calcium 
chloride. It distils at 110°. Yield 5 — 6 grams. See 
p. 284. 

Preparation 64. 

p-Oresol, 4 

Griess, Amm/en, 1866, 137 , 39; Ihle, /. praki, Chem,^ 1876, 
14 , 451* 

25 grms. /-toluidine. 

2-5 „ cone, sulphuric acid (in 750 c.c. water). 

20 „ sodium nitrite (in 40 c.c. water). 

Mix the dilute sulphuric acid and toluidine in a large round 
flask (i-| litre) and cool to the ordinary temperature. The nitrite 
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solution is gnidually added. The dear solution is then gently 
warmed on the water-bath until the evolution of nitrogen ceases. 
The solution, whidi has become very dark coloured, is distilled 
in steam until the distillate produces only a slight precipitate 
with bromine water (500 c.c.). A small C|uantity of tarry residue 
remains. The distillate is then extracted three times with small 
quantities (50 c.c.) of ether. The ethereal solution is dehydrated 
over anhydrous sodium sulphate, fdtered, and the ether removed 
on the water-bath. Thc/-cresol is then distilled over the flame 
with a condenser tube, and collected at 195 — 200'. The distil- 
late, which has a yellow colour, solidilies on cooling. Yield 10 
— 1 5 grams. 

]T,S(),,-l-2NaNO,.:=^^2Cl],.CVH.i.OH 

2N.d- Na,,S(),-f 211.0. 

Colourless crystals ; in. ]). 36'^ ; b. p. 202^. 

Make a solution of /-cresol by shaking up a 
few drops with 5 c.c. of water. 'I'o one portion add a few drops 
of bromine water. A white precipitate of tetrabromocrcsol 
is formed. To another portion add a drop of ferric chloride. 
A blue colouration is produced. Sec Appendix^ p. 284. 

Preparation 65. 

p-Chlorotolu©ne, ^ 

Sandmeyer, 18S4, 17 , 2651 ; Wynne, Tra 7 is. Chem. Soc,^ 
1892, 61, 1072. 

50 grins, /-toluidinc. 

120 c.c. cone, hydrochloric acid (in 80 c.c. water), 

40 grins, sodium nitrite (coarsely powdered). 

30 „ copper c:ar])onatc to he dissolved in 300 c.c. cone, 

hydrochloric acid 

Dissolve the /-toluidinc in the hydrocdiloric acid and then 
cool quickly in a lieaker, and stir so as to obtain small crystals. 
Place the beaker in ice and salt and, whilst it is cooling, 
prepare a solution of cuj)r<)us chloride. Dissolve the copper 
carbonate in the hydrochloric acid, and boil with excess of 
copper turnings until a nearly colourless solution is obtained. 
The solution is decanted into a large round flask (2 litres) 
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which is loosely corked, and placed in ice. Whilst tlais 
solution is cooling to o° the diazotoluene chloride is prepa.red 
by adding the powdered sodium nitrite gradually to the J>- 
toluidine hydrochloride and stirring. The temperature should 
not rise above io° When three-quarters of the nitrite has heen 
added, test occasionally with potassium iodide-starch paper nntil 
a drop gives an immediate deep blue or dark brown colouration. 
Add this solution gradually in portions of about 20 c.c. at a time 
to the cold solution of the cuprous chloride, and shake up well 
after each addition. A thick crystalline mass of orange colon red 
needles, consisting probably of the diazo-copper salt sepai'ates, 
and, on standing, decomposes slowly, forming a dark-colonred 
liquid. After standing a short time, the liquid is distilled in stoam. 
The distillate is shaken up with a little caustic soda to ren:iove 
cresol, and the chlorotoluene, which sinks to the bottom, is 
separated. The liquid is further shaken out with a little clilo re- 
form, which is then added to the chlorotoluene, and the win ole 
dehydrated with calcium chloride. The liquid is decantecd, the 
chloroform distilled off and the residue collected at 115 — 165°. 
Yield, about 45 grams. 

CH3C6H4NH2HCl+NaN02+HCl = CH3QH4N.,Cl-k 

NaCl + 2H,0. 

C H3C6H4N2CI = C H3C0H4CI + No^ 

Properties , — Colourless liquid ; b. p. 162° ; m. p. 7*4 

Reactions . — Chlorobenzoic Acid. — Boil 10 grams ^-cln loro- 
toluene with 20 grams permanganate dissolved in 500 c.c. of water 
in a brine or calcium chloride bath, with upright condenser. Tor a 
day. The bath should keep the contents of the flask loo i ling’ 
briskly whilst the permanganate is gradually added. Tire oily 
drops of chlorotoluene will gradually cease to drip from the con- 
denser and the permanganate will be nearly decolourised. 

The precipitated manganese dioxide is now dissolved as sul- 
phate by passing in sulphur dioxide gas until the last trace of 
brown precipitate has disappeared. The colourless clrloro- 
benzoic acid comes down in the acid solution on cooling*, and 
is filtered, v/ashed with water, and recrystallised from sjpirit ; 
m. p. 236° The yield is theoretical. 

CH3.C6H4CI + 03= COOH. CeH^Cl + H2O. 

See Appefidix., p. 284. 
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Preparation 66. 

.CH3 I 

p-Bi'omotoluene, CcH4<" 

^Br 4 

Sandmeycr, 1884,17,2651 ; Gattermann, 1890,23, 
1218. 

50 <^'rms. /-loluidine. 

100 c.c. cone, hydrochloric acid (in 60 c.c. water). 

35 pans, sodium nitrite (in powder). 

90 „ cryst<alliscd copper sulphate (in 300 c.c. water). 

45 „ potassium bromide (in 100 c.c. water). 

150 c.c. hydrobromic acid (sp.gr. 1*49 = 47 per cent. HBr). 

llic ;^-loluidinc is diazotised as described in the previous experi- 
ment (Ih*ep. 65) by forming the hydrochloride, cooling and 
gradually adding the sodium nitrite. The solution of the 
diazonium chloride is then poured into cuprous bromide dis- 
solved in hydrobromic acid. The cuprous bromide is prepared 
by adding the potassium bromide solution to the copper sulphate 
solution and passing in sulphur dio.xide until no more precipitate 
forms. The white cuprous bromide (about 35 grams) is filtered, 
washed, and well pressed on the funnel and introduced into a 
round flask ( i .1 litre). It is dissolved in 1 50 c.c. hydrobromic acid 
and well ('ooled in ice. The diazonium chloride is now added 
slowly with constant shaking. A thick pasty mass separates and 
nitrogen is evolved. When the evolution of gas has slackened 
the flask is heated on the water-bath until effervescence ceases 
and the la-omotoluene is then distilled in steam. The heavy 
yellow liquid is extracted with chloroform, shaken with caustic 
soda solution to remove traces of crcsol, dehydrated over calcium 
chloride, and distilled. The distillate is collected at 180 — 190° 
On cooling, it solidifies to a pale yellow mass, m. p. 28° ; b. p. 
185°. Yield, 35 grams. 

C 11 3. C,; 1 1 ,1 N.,C1 + CuBr = C H3. CoH^Br -h Cu Cl + Ng. 

Gattermann’s Method. — According to this method the 
diazonium bromide is first prepared and then decomposed by 
finely divided metallic copper. The 50 grains /-toluidine is 
dissolved in 200 c.c. hydrobromic acid previously diluted with 
100 c.c. water and diazotised in the usual way. To this solution 
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the copper powder is gradually added. It is prepared by dis- 
solving loo grams crystallised copper sulphate in 300 c.c. water 
and dusting in through a fine muslin bag 25 grams zinc dust with 
constant stirring. It is left until the blue colour of the copper 
salt has nearly disappeared. The precipitated powder is washed 
by decantation two or three times with cold water and then with 
very dilute hydrochloric acid to remove metallic zinc and 
finally filtered and washed at the pump. The pasty mass is not 
allowed to dry, but is added at once in small quantities to the 
diazonium solution with constant stirring. After the evolution 
of nitrogen has ceased the bromotoluene is distilled in steam 
and purified as described above. See Appendix^ p. 284. 

Preparation 67. 

p-Iodotoluene. 

Griess, An 7 mle 7 i^ 1866, 137 , 76. 

25 grms. ^-toluidine. 

50 „ (27 c.c.) cone, sulphuric acid (in 250 c.c. water). 

20 „ sodium nitrite (in 40 c.c. water). 

60 „ potassium iodide (in 100 c.c. water). 

Mix the dilute sulphuric acid and /-toluidine in a larg’e 
beaker (f litre) and cool to o*^ in a freezing mixture. Stir, 
whilst cooling, to produce small crystals of the sulphate. A,cld 
the solution of sodium nitrite slowly, and if the temperature 
rises above 10°, add a few lumps of ice. When three-quarters 
of the nitrite solution has been added, test occasionally with 
potassium iodide-starch paper until a blue or brown stain is 
produced. Now add the solution of potassium iodide gradually, 
and, after well stirring, leave the mixture at the ordinary temper- 
ature for an hour, and then warm cautiously on the water-bath 
until effervescence ceases. The liquid is dark coloured, and a 
black oil settles to the bottom of the vessel, which when cold 
solidifies. The oil consists of iodotoluene, and the dark colour of 
the solution is due to free iodine, which may be removed by the 
addition of a gram or two of sodium- bisulphite. The mixtui-e 
is now distilled in steam, using a beaker as receiver. Care must 
be taken to prevent the condenser tube becoming blocked by the 
iodotoluene, which is solid at the ordinary temperature. This is 
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cftcctcd by running: the water very slowly through the condenser 
so that the u|)per part remains warm. The iodotoluene solidifies 
in the receiver. It has a yellow tint, which may be removed by 
recrystallisation from spirit. Yield, 45 — 50 grams, 

C H3. Q5H.1N Ho + NaN O.J + 2H0SO.1 - CH3. C,H4 No.S04H + 

NaHS 04 +HoO. 

CH.,C,H4No.S 04H + KI - CH.,C«H4l + KHSO4. 

Propcriles , — Colourless plates ; m. p. 35° ; b. p. 21 1 — 212°. 

1. Tolyliodochloride.— Dissolve 10 grams iodotoluene in 
five times its weight of chloroform, cool in ice, and pass in dry 
chlorine until saturated. If a chlorine cylinder is not available, 
the chlorine is conveniently made l)y dropping concentratecl 
hydrochloric acid from a tap-funnel on to powdered potassium 
bichromate or permanganate in a round fiask, heated on the 
water-bath. The chlorine is dried through concentrated 
sulphuric <acid. When chlorine is no longer absorbed, the 
yellow needle-shaped crystals of the iodochloride are filtered, 
washed with a little chloroform, and dried on a porous plate. 

CH3.C,,H4l +CU- CH3.QJH4ICI0. 

2. lodosotoluene. — Dissolve 2*5 grams caustic soda in 20 
c.c. water, and grind with 5 grams of iodochloride in a mortar. 
Leave overnight and then filter and wash with water. The 
colourless crystals of the iodoso-compoimd are dried on a porous 
plate. 

Cl I.,C,H4lCl, + 2Na()H - CH3.Q,H4lO + 2 NaCl-pHA 

Sec Appendix^ p. 285. 

PRKI»ARATION 68. 

yCH, I 

p-Tolylcyanid©, C(;Tl4<' 

^CN 4 

Sandmeycr, />V;-., 1884, 17 , 2653. 

20 grins, /-toluidinc. 

45 c.c. cone, hydrochloric acid (in 150 c.c. water). 

16 grins, sodium nitrite (in 40 c.c. water). 

50 „ co])per sul])hate (in 200 c.c. water). 

55 „ potassium cyanide (in 100 c.c. water). 

The copper sulphate is dissolved in 200. c.c. water on the 
water-bath in a round flask (2 litres). Pure potassium cyanide 


170 


PRACTICAL ORGANIC CIXEMISTRY 


is gradually added to the warm solution.’^'' The cuprous cyanide 
dissolves in excess of the potassium cyanide and cyanogen g*as 
is liberated. 2CUSO4 + 4KCN = 2CuCN + 2K2SO4 -j- (CN)2* 
The solution is left, whilst the /-toluidine is diazotised. 
The base is dissolved in the dilute hydrochloric acid, cooled, in 
ice, and well stirred. The mixture is kept cold whilst the sodium 
nitrite solution is gradually added, until it gives an immediate 
colouration with potassium iodide-starch paper. The di azo- 
solution is then added in portions of about 10 c.c. at a 
time to the warm cuprous cyanide solution, with frecxnent 
shaking. A rapid effervescence occurs, nitrogen and some 
hydrocyanic acid being evolved. When, in the course of nloout 
fifteen minutes, the diazo-solution has been added, it is left 
on the water-bath until effervescence ceases (J hour). TTlie 
liquid turns a dark colour, and a black tarry deposit is 
formed. The product is distilled in steam. This should be 
carried out in the fume cupboard, as not only is hydrocyanic 
acid liberated, but a small quantity of isocyanide, which is formed 
inthe reaction, and produces an intolerable smell. The distillation 
is continued until no more yellow oil passes over. The tolyl 
cyanide solidifies in the receiver on cooling as a yellow crystal- 
line mass, which is filtered, dried on a porous plate, and may be 
purified by distillation ; but for the preparation of toluic acid 
this is unnecessary. Yield about 15 grams. 

CH3.CeH4NH0.HCl + NaNO.>-f HCl = CH3.CCH4N2CI 4 - 
NaCl + 2H20. 

CH3.CH4N2CI + CuCN = CH3.C0H4.CN + N2 + CuCl - 

Colourless crystals ; m. p. 29° ; b. p. 218°. 

Reaction. — p-Toluic Acid. — Boil up 10 grams tolylcyanidc 
with a mixture of 30 c.c. cone, sulphuric acid and 20 c.c. water, in a 
round flask with upright condenser until colourless crystals of 
toluic acid appear in the condenser tube (about half an hour). On 
cooling, the acid crystallises out, and is separated by filtration, 
washed with water, and recrystallised from hot water ; m. p. i 

CH3.C0H4.CN + 2H0O -h H0SO4 = CH3.C6H4.CO.OT-I 
+ NH4.H.SO4. 

The yield is nearly theoretical. 
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Terephthalic Acid. — Dissolve 5 grams/-toluic acid in dilute 
caustic soda solution and boil with reflux condenser, adding 12 
grams of permanganate in 250 c.c. water gradually from a tap 
funnel inserted through the top of the condenser. When the red 
colour of the ])ermanganate persists after continued boiling the 
solution is treated with sulphur dioxide (see p. 166), which dissolves 
the manganese dioxide and precipitates the terephthalic acid as 
a white amor|)hous powder. The latter is filtered, washed, and 
dried. It sublimes without melting at 300'" and is insoluble in 
water and alcohol. The yield is nearly theoretical. 

Cn 3 .C(jH 4 .C 00 Na+Na 0 H-l- 2 KMn 04 = 

NaOOC.QiH.i.COONa+ 2KOH + Mn02 + 2H2O. 

Pl^EPARATION 69. 

Diazoaminobenzene, CcH^N :N. N H.CoHg. 

Gricss, Annaloi^ 1866, 137 , 58 ; Staedel, Bauer, Ber,^ 1886, 19 , 

1952. 

20 grins, aniline. 

6 „ cone, sulphuric acid. 

600 „ water. 

7*4 „ sodium nitrite. 

The acid is poured into the water contained in a large beaker 
(i litre) and the aniline then added. About half the aniline 
dissolves as sulphate. The licjuid is warmed in the water-bath to 
27\and the sodium nitrite, dissolved in a small quantity of water, 
is slowly added and the Avhole well stirred. The temperature 
is maintained at 27 — 30'’ for a ciuarter of an hour. As soon as 
the sodium nitrite is added the liquid turns yellow and rapidly 
becomes turlfid from the formation of diazoaminobenzene, 
wliich separates out in yellowish brown crystalline crusts. The 
solution is now allowed to stand at the ordinary temperature 
for half an hour, when nearly the whole of the diazoamino- 
benzene crystallises out. It is filtered, washed with cold water, 
|)ressed well on the filter, and dried on a porous plate or a pad 
of filter paper. It forms a brown sandy powder and may be 
purified by recrystallisation from benzene or alcohol. In 
crystallising, it is necessary to bring the substance into solution 
as quickly as possible. Boiling spirit (about three times the 
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weight of substance) should be added and the liquid heated for 
a moment until a clear solution is obtained and then allowed to 
cool. On prolonged boiling it decomposes. For the preparation 
of aminoazobenzene the dry powder is sufficiently pure. Yield, 
nearly theoretical. 

(C 6 H 5 NH.)oH 2 S 04 + 2NaN02 + 2 HoS 04 = 

2C3H5N2.SO4H + Na2S04 + 4H2O. 
CgH.N2*S04H + CCH5NH2 = CoH 5N:N.NHC6H5 + HoSO^. 

N.B. — The sulphuric acid, set free in the second phase of the reaction, 
acts upon the sodium nitrite, so that one molecule only is required. 

Prope 7 ’ties . — Golden yellow plates (from alcohol) m. p. 98'^ ; 
insoluble in water; it explodes when heated above its melting’ 
point. 

Reaction . — Dissolve a little of the substance in alcohol and 
add a drop or two of an alcoholic solution of silver nitrate. A 
red crystalline precipitate of CeHgNiN.NAg.CgHs is deposited. 
See Appendix^ p. 285. 


Preparation 70. 

Aminoazobenzene (Aniline yellow), CoH^NiNCgH^NTTg. 

Mene, 1861, 496; Kekule, ZeitscJi.f. Ch., 1866, 2 , 689 ; 

Staedel, Bauer, 1886, 19 , 1953. 

10 grms. diazoaminobenzene. 

25 „ aniline. 

5 „ aniline hydrochloride. 

The finely powdered diazoaminobenzene, aniline hydro- 
chloride (see p. 156), and aniline are mixed together and heated 
to 40° for an hour. The mixture forms a clear, deep red solution. 
After standing for 24 hours at the ordinary temperature, tlie 
diazoaminobenzene is converted into aminoazobenzene. A 
slight excess of moderately strong hydrochloric acid is added, 
care being taken that no great evolution of heat occurs. On 
cooling, the aminoazobenzene separates out together with 
aniline hydrochloride. It is filtered and washed with cold, very 
dilute hydrochloric acid, when small violet crystals of aminoazo- 
benzene hydrochloride remain on the filter. In order to obtain 
the free base, the hydrochloride is warmed with dilute ammonia. 
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The base, which has a brown colour, is filtered and dissolved 
in hot spirit, with the addition of a few drops of concentrated 
ammonia. Yield, about 8 grams. 

QH.N-.N.NHCcHs + H.CCH4NH0.HCI - 

CgHsNiN.CoH^.NH^T CgH.NHo.HCL 
Pr' 0 pe 7 ^tics , — Orange prisms ; m. p. 127°. 

Reaction . — Make a solution of 4 grams stannous chloride in 
TO c.c. cone, hydrochloric acid, add 2 grams aminoazobenzene, 
and boil for a few minutes. On cooling crystals of the hydro- 
chloricres of aniline and /-phenylenediamine separate out. 
The liquid is filtered and washed with a little cone, hydro- 
chloric acid to remove the tin salts. If the precipitate is 
dissolved in water and made alkaline with caustic soda, a 
mixture of liquid aniline and solid /-phenylenediamine is pre- 
cipitated, from which the former may be removed by filtering, 
washing, and draining on a porous plate. 

CoHsNiN.CoHiNHo +‘2SnCl2 + 4HC1 = 

C0H5NH2 + H2N.CGH4.NH2 + 2SnCl4. 

yJ-Phenylenediamine, when warmed with dilute sulphuric acid 
and potassium bichromate or lead peroxide, gives the odour of 
quinone (p.- 1 92). After warming and cooling, extract with ether. 
The ethereal solution has a yellow colour. Decant the ether 
extract on to a watch-glass and leave it to evaporate in the air. 
A deposit of microscopic yellow crystals remains. See Appe 7 i- 
dixj p. 286. 


Preparation 71. 

Phenylhydrazine, CGHgNH.NHa 

E. Fischer, A 7 i 7 tale 7 t, 1878, 190 , .167 ; Meyer, Lecco, Ber.^ 
1883, 16 , 2976 ; Meyer and Jacobson, Lclu'lntcJi^ 2 , 305. 

20 grms. aniline. 

200 „ (170 c.c.) cone, hydrochloric acid. 

20 „ sodium nitrite (in 100 c.c. water). 

120 „ crystallised stannous chloride (in 100 c.c. 

cone, hydrochloric acid). . 

The aniline is dissolved in the concentrated hydrochloric 
acid and cooled to 0° in a freezing mixture. The solution of 
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sodium nitpite is gradually added, the temperature being kept 
below 10°, until a drop of the mixture, diluted with water, turns 
potassium iodide-starch paper blue. To the mixture, still cooled 
in ice, 120 grams stannous chloride, dissolved in about an 
equal weight of cone, hydrochloric acid, is added. A thick 
white crystalline precipitate of phenylhydrazine hydrochloride 
separates. It is allowed to stand for half an hour and filtered at 
the pump ; it is then separated as far as possible from the mother 
liquor, and transferred to a flask. The free base is obtained by 
decomposing the hydrochloride with caustic soda. An excess 
of caustic soda is added, and the mixture well shaken. The 
free base, which separates as a reddish coloured oil, is extracted 
with ether, and the ethereal solution dehydrated over solid 
potassium carbonate. The ether is then removed on the water- 
bath, and the residual oil either used without further purification 
or distilled in vacuo. Yield, 1 5 —20 grams. 


CeHsN H2. H CH- NaN O2 -1- H Cl = CcHsNo. Cl -f- 

NaCl + 2H20. 

C6H5N2. Cl -f 2SnCl2 + 4HCI ^ CcHgN H. N Hg. H Cl + 2SnCl.i . 

Prope 7 'ties . — Nearly .colourless oil when freshly distilled ; 
b. p. 241 — 242° ; m. p. 17*5° ; sp. gr. 1*097 at 23°. 

Reactions , — i. Add a few drops of phen^dhydrazine to 2 c.c. 
of water, then a drop or two of copper sulphate solution and 
excess of caustic soda. Cuprous oxide is precipitated with 
eftervescence and benzene separates, C(.H5NH.NH2-f 2CuO ■“ 
C(jHQ-fN2+Cu20-f HoO. The same reaction takes place if 
the phenylhydrazine is dissolved in dilute acetic acid and coioper 
sulphate solution added and warmed. 

2. Add 2 grams of phenylhydrazine to 4 c.c. water in a boiling 
tube, warm until dissolved, and then add about 3 c.c. of a warm 
saturated solution of cupric hydrate dissolved in cone, ammonia. 
Nitrogen is evolved and cuprous hydroxide dissolves. Add a 10 
per cent, catistic potash solution until there is a slight permanent 
precipitate of cuprous hydroxide and heat the liquid in the 
water-bath. A copper mirror is .deposited on the surface of the 
glass (Chattaway). 

3. Add to a few drops of phenylhydrazine an equal quantity 
of glacial acetic acid, dilute with a little water, and a1:ld a 
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drop of benzaldehyde. In a short time the phenylhydrazone of 
benzaldehyde will crystallise out. 

4. Plienylmethylpyrazolone.— Mix together 10 grams dry 
phenylhydrazine hydrochloride^and 9 grams acetoacetic ester in a 
flask (200 C.C.), add 3 or 4 drops cone, hydrochloric acid and 
warm for 10 — 15 minutes.- A clear reddish solution is obtained, 
which is poured into water and carefully neutralised with caustic 
soda. The precipitated oil solidifies almost immediately and 
can be recrystallised from alcohol ; m. p. 127°. Yield 8 grams. 

CH3. C p"\ CH2 . COjO eg! CH3. C CHo. CO 

+ N;hJ nIhiQHs " 11 IqHj 

,~+HoO + C2H5OH. 

See also the Reactions on pp. 70, and 135, and Appendix^ 
p. 287. 

v. Preparation 72. 

' ; /NHg I 

Sulphanilic Acid, C6H4<; 

\SO3H 4 

Gerhardt, Annalen, 1846, 60 , 312 ; Buckton, Hofmann, 
An 7 ialen^ 1S56, 100 , 163. 

25 grms. aniline. 

80 „ cone, sulphuric acid. 

The aniline and sulphuric acid are cautiously mixed in a ‘ 
round flask (250 c.c.) and heated to 180—190° in an oil or metal 
bath for four to five hours until a sample dissolved in water 
remains clear on the addition of caustic soda in excess and no 
aniline separates. The product is poured into cold water, which 
precipitates the sulphanilic acid as a grey crystalline mass. 
is filtered, washed with a little cold water, recrystallised from 
hot water with the addition of a little animal charcoal, and dried 
in the air. Yield, 25—30 grams. 

CcH^NHs + H2SO4 = NH0.C0H4.SO3K 4 - HA 

P^'operh'es.— Colourless rhombic plates, containing 2 niols. of 
water of crystallisation, which they lose slowly in the air, and 
the crystals fall to powder. See Appendix^ p. 289. 
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Preparation 73. 

Methyl Orange (Heliantliin), S03Na.CcH4lsr:N.C6H4N(CiT3)2 
10 grms. sulphanilic acid. 

2*5 5, anhydrous sodium carbonate (in 100 c.c. water). 

3*5 „ sodium nitrite (in 20 c.c. water). 

6 ,j cone, hydrochloric acid (in 10 c.c. water). 

6 „ dimethylaniline (in 6 c.c. cone. HCl and 20 c.c, 
water). 

The sulphanilic acid is dissolved in the sodium carbonate 
(^ mol.) solution and the sodium nitrite (i mol.) solution aciclecl. 
The mixture is cooled in ice, and the solution of hydrochloric 
acid (i mol.) gradually added. The solution of dimethylaniline 
(i mol.) is now poured in, and the liquid made alkaline with 
caustic soda. The separation of methyl orange at once beg’ins, 
and is assisted by the addition of a little common salt (20 grams). 
The precipitate is filtered at the pump, and crystallised from 
hot water. Yield, nearly theoretical. 

S03Na.CcH4NHo + NaNO.> + 2HCI = SO3Na.C0H4No.Cl -H 

NaCl + 2Hp. 

'sO3Na.C0H4No.Cl + CgH3N(CH3)2HC1 = 

^ S03H.CcH4.N2.CoH 4N(CH3)2 + NaCl + HCl. 

S03H.CoH4N:N.CoH4N(CH3)o -f NaOH == 

S 03 Na.C 6 H 4 N:N.C 6 H 4 N(CH 3)2 + H 2 O. 

Properties , — Methyl orange is the sodium salt of the sul- 
pl:|^c acid, and dissolves in water with a yellow colour. The 
fr^Facid is red, and its action as an indicator depends upoon 
this change on the addition of mineral acid. 

Reactioii . — Methyl orange is decomposed, like the majority of 
azo-compounds, by stannous chloride in hydrochloric acid into 
t^ molecules, produced by the addition of hydrogen to the 
«i«i^iouble -linked nitrogen atoms (see p. 173). 

HS03.CgH4N:N.CsH4N(CH3)., 4 - 2SnClo + 4HCI = 
HSO3.C6H4NH2 -f H 2 NCcH 4 N(CH 3)2 + 2SnCl4. 

w 
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Make a solution of 4 grams stannous chloride in 10 c.c. cone, 
hydrochloric acid, add i gram of methyl orange dissolved in a 
few drops of hot water, and boil for a few minutes until the red 
colour disappears. On cooling a crystalline precipitate consist- 
ing of sulphanilic acid and dimethyl jzJ-phenylenediamine is 
deposited. In order to separate the base, dilute with water, add 
caustic soda solution until the precipitate of stannous hydrate 
redissolves, shake out the cold solution with ether, and de- 
hydrate over potassium carbonate. On distilling off the ether, 
the dimethyl ^-phenylenediamine x'emains as a crystalline 
solid ; m. p. 41'^, On warming with dilute sulphuric acid and 
lead peroxide the odour of quinone is readily perceived 
(see p. 192). It also gives the ^methylene blue’ reaction, like 
nitrosodimethylaniline (see p. 158). See Appe 7 idix^ p. 289. 


Preparation 74. 

Potassium Benzenesulphonate, C6H5.SO3K + ^HgO 

Mitscherlich, Pogg. An 7 t.^ 1834, 31 , 283 and 364; Michael, 
Adair, Ber,^ 1877, lo, 585. 

60 c.c. benzene. 

60 „ cone, sulphuric acid. 

The benzene and sulphuric acid are heated together on a 
sand-bath in a round flask (-| litre) with upright condenser. 
The mixture is kept at a gentle boil with frequent shaking (an 
apparatus like that shown in Fig. 78, p. 1473 with mechanical 
stirrer is preferable) until the top layer of benzene has ifeeen 
nearly absorbed by the sulphuric acid (six to eight hours). On 
cooling, the dark-coloured liquid is poured into cold water 
(t litre) contained in a large basin, boiled up and neutralised 
with powdered chalk or thick milk of lime. The mass^ is 
filtered’ hot through a porcelain funnel or cloth from the j^e- 
cipitate of calcium sulphate, washed with hot water and 
somewhat concentrated. The solution, which contains the 
calcium salt of benzene sulphonic acid, is treated with just 
sufficient potassium carbonate solution to precipitate the calcium 
as carbonate and convert the sulphonic^acid into the potassium 
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salt. This is ascertained by filtering small samples and testing 
the filtrate with potassium carbonate. The liquid is again 
filtered through cloth or through a porcelain funnel and concen- 
trated first over a ring burner, and finally on the water-bath, 
until a sample crystallises on cooling. The potassium salt is 
drained at the pump and dried on porous plate. Yield, about 
So grams. 

CfiHc + H2SO4 = CcHsSOgH + H2O. 

2 CGH 5 SO 3 H -h CaC03=(C6H5S03)oCa4- CO^-P HgO. 

(CcH 5 S 03 ) 2 Ca-hK 2 C 03 = 2 C 6 H 5 S 03 K-l-CaC 03 . 


Properties , — Colourless pearly plates, which slowly effloresce 
in the air and which melt above 300° with slight decomposition ; 
I very soluble in water. See Appefidix,^ p. 292. 


Preparation 75. 

Benzenesulphonic Chloride, CoH^SOoCl 

Gerhardt, Chiozza, Annalen^ 1S53. 87 , 299. 

1 5 grms. potassium benzene sulphonate. 

25 „ phosphorous pentachloride. 

The potassium benzenesulphonate is carefully dried on the 
water-bath, powdered, and mixed with the phosphorus penta- 
chloride in a flask.* A vigorous reaction sets in. When it has 
abated, the flask is heated on the water-bath for one hour,*^ 
and the mass occasionally stirred with a glass rod. The x^ro- 
duct is poured into a flask containing 200 c.c. cold water and 
allowed to stand an hour. The sulphonic chloride, which 
separates as an oil, is then extracted with ether, dehydrated 
over calcium chloride, decanted, and the ether removed on the 
water-bath. Yield, 10 grams of a light brown oil. 

C6H5SO3K + PCI3 == CgH^SO^CH- POCI3 -f KCl. 

Properties. — Colourless oil when pure ; b. p. 246 — 247"^ with, 
decomposition ; m. p. 14';^ ; distils undecomposed m vaciio. 
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Reactlo?i, — i. Grind up in a mortar i c.c. of sulphonic chloride 
with 5 grams powdered ammonium carbonate, and leave on the 
water-bath until the smell of the sulphonic chloride has gone. 
Add water, filter, and wash, and crystallise the residue of 
benzene sulphonamide from spirit, CcHsSOoCl + 2NH4HCO3 ~ 
CoH5S02NH2-h2H20-h2CO,-l-NH,Cl. 

2. Add I C.C. of the sulphonic chloride to 2 c.c. aniline, stir 
up well, add water, and acidify with a few drops of concentrated 
HCl (methyl violet paper). Filter, wash, and crystallise the 
benzenesulphonanilide from spirit, CqHsSO.^CIh- NH oC^H^ -= 
CcH^SOj^NHCoHs + HCl. 

3. Add 2 c.c. absolute alcohol to i c.c. sulphonic chloride and 
excess of caustic soda until alkaline ; warm gently for five 
minutes and add more caustic soda if necessary. Cool, and 
extract with ether. The residual liquid consists of benzene ethyl 
sulphonate, CoH5S02Cl + HOC2H5=CcH5SOoOC2H5+HCL 

4. Repeat 3, using phenol in place of alcohol. See Appendix^ 
P- 293 - 

Preparation 76. 

Phenol (Carbolic acid, Hydroxybenzene), CQH5.OH 

Kekule, Wurtz, Dusart, Zeitsclir. f CL N, R, 1867, 3, 
299-301 ; Degener, _/. pi^akt, Chim. 1878, (2), 17 , 394. 

20 grins, potassium benzenesulphonate. 

35 „ caustic potash. 

The caustic potash is dissolved in the smallest quantity of 
water (5 c.c.) by heating in a silver or nickel basin or crucible, 
and the powdered potassium benzenesulphonate added. The 
temperature of the melt, v/hich during the process is kept con- 
stantly stirred, must not exceed 250^ It is convenient to use 
the thermometer as stirrer, the bulb and part of the stem being 
encased in a glass tube closed at one end. When the requisite 
temperature has been reached, a small flame is sufficient to 
maintain it. The mass is first thick and, pasty, but soon be- 
comes semi-fluid and remains in this condition, gradually 
changing in colour from yellow to brown. Towards the end of 
the operation (one hour) it regains somewhat its original con- 
sistency. On cooling, the melt is dissolved in a little water 

N 2 
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and the alkaline reddish-brown liquid (potassium phenate and 
excess of alkali) acidified with concentrated hydrochloric acid in 
the cold. Phenol separates out as a light yellow oil, which is 
extracted three times with ether. The ethereal solution de- 
hydrated over anhydrous sodium sulphate is distilled, first on 
the water-bath until the ether is removed, and then over the 
flame. The portion boiling at 175 — 185° is nearly pure phenol. 
It distils as a colourless liquid and solidifies at once on cooling. 
Yield, 6—7 grams. 

CqHsS O3K -h KO H = CcHsO K + K H S O3. 

CcHpiC-p HCl = CcH^OH + KCI. 

Properties , — Colourless needles, with a characteristic smell ; 
m. p. 42 — 43° ; b. p. 182°; easily soluble in alcohol and ether ; 
and in about 15 parts of water at the ordinary temperature ; 
produces blisters on the skin. 

Reactiofis, — i. Make a solution of phenol in water, and to one 
portion add a drop of ferric chloride. A violet colouration is 
produced. 

2. Add to another portion a drop of bromine water. A white 
crystalline precipitate of tribromophenol is formed. 

3. To a third portion add an equal volume of dilute ammonia 
and a few drops of sodium hypochlorite and warm gently. A 
copper-sulphate-blue colour is produced. 

4. Add a small fragment of solid sodium nitrite to 5 c.c. concen- 
trated sulphuric acid and warm very gently until dissolved. C^n 
adding about 0*5 gram of phenol, a brown solution is obtained, 
which rapidly changes to deep blue. If the blue solution is 
poured into water, a cherry red colouration is produced, which 
changes to blue on the addition of an alkali (LiebeVmann’s 
‘ nitroso ’ reaction, see p. 1 59). 

5. Mix I gram of phenol with i c.c. of dimethyl sulphate ^ 
and add 4 c.c. of a 10 per cent, solution of caustic soda. 
Warm and shake. The odour of phenol is replaced by that of 
anisole, which can be extracted from the liquid by ether 
(Ullmann’s reaction). See Appendix, p. 294. 

CeHsONa -f- (CHg^^SO^^ CCH5OCH3 C HsNaS O4. 

1 The vapour of dimethyl sulphate is very poisonous, and care should be taken 
not to breathe it. 
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Preparation 77. 

Anisole (Methyl phenate, Phenyl methyl ether), CcHg.O.CHs 
Cahours, Aitnakfi^ iSsi, 78 , 226. 

5 grms. sodium. 

100 c.c. methyl alcohol. 

20 grms. phenol. 

40 „ methyl iodide. 

The methyl alcohol is poured into a round flask (250 c.c.) 
connected with an upright condenser. The sodium, cut into 
small pieces, is then added, the flask being detached from the 
condenser for a moment and replaced. When the sodium has 
dissolved, the phenol and methyl iodide are added. The mixture 
is heated on the water-bath until the solution has no longer an 
alkaline reaction (two to three hours). As much as possible of 
the methyl alcohol is distilled off on the water-bath and water 
added to the amber-coloured residue. A colourless oil separates 
out, which is extracted with ether. The ethereal solution is 
dehydrated over calcium chloride and distilled, first on the 
water-bath until the ether has been driven off, and then over 
the flame. Almost the whole of the residue distils at 150 — 155^. 
Yield, nearly theoretical. 

CoH,OH + C H3O Na = CcH^ONa-i- CH3OH. 

CJ-I.ONa + CHsI-CoH^OCHs-fNal. 

P 7 ' 0 pc 7 'ties. — Colourless liquid, possessing an agreeable smell ; 
h. p. 154*^ ; sp. gr. 0*991 at 15°. See Appendix^ p. 294. 

) 

Preparation 78. 

Hexahydrophenol (Cyclohexanol), CoHn.OH 
Sabatier and Senderens, Compt. rend.^ 1901, 132 , 210. 

50 grms. phenol. 

The phenol is reduced with hydrogen in presence of finely 
divided metallic nickel ; which acts as a catalyst. The 
apparatus is shown in Fig. 79. 
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It consists of an oblong Lotliar-Meyer air-bath about 6o cms. 
(24 ins.) long and 15 cms. ( 6 ins.) wide. It is heated on each side 
by a series of small gas jets made by perforating an iron pipe 
which runs below the air-bath. The hot air passes up the 
space between the outside metal casing and an inner rectangular 
metal box, and then down and into the interior of the air-bath 
through a number of round holes at the bottom of a central 



Fig. 79. 


rectangular chamber, and finally escapes through a series . of 
holes in top of the outer cover. The air-bath is perforated 
at both ends so as to admit a piece of wide glass tubing. This 
tubing (i‘5 — 2 cms. diam.) is of such a length that it projects 
about 2 — 3 cms. at one end and 5-6 cms. at the other, the latter 
being bent and connected to a receiver. The shorter end is 
attached by a cork to a small distilling flask through which a, 
current of dry hydrogen is passed from a Kipp by a delivery 
tube, which reaches to the bottom of the flask. 
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Small ])icccs of ])uinicc impregnated with a paste of nickel 
oxide (NiO) and water is dried on the watcr-l)ath and packed into 
the wide tube, whicli is then loosely plugged at each end witli 
asbestos. The phenol is melted and poured into the distilling flask. 
The air-batli is slightly tilted so that any liquid which may collect 
in the tube can run down into the recciv'cr. The process is 
conducted as follows : the delivery tube from the Kipp is first 
raised above the surface of the phenol and a slow current of 
pure dry hydrogen passed through the apparatus, the tempera- 
ture of which is maintained at 300'^ for 20 minutes. The nickel 
oxide is thereby reduced and changes from black to prde yellow. 
After reduction, the temperature is lowered to 160-170' and 
kept at this ])oint. d’he phenol in the llask is now melted and 
heated just lielow its boiling-point, whilst a fairly rapid current 
of hydrogen is passed through the delivery tube, wliicli is 
thrust well into the lic|uid. d'he hexahydrojihenol slowly distils 
and condenses in the receiver. Care must be taken that the 
phenol docs not condimse in tlic tube, l)Ut tliat only tlie va])our 
passes over. When sufficient Ii(|uid has collected, it is sh.aken 
with caustic soda solution, extracted with ether, dehydrated over 
potassium carbonate and distilled. 

C,iIk-,OU + 6H 

C()lourless licpiid ; 1). p. 170'' ; ])leasant aromatic 
smell distiiKd from iihenol ; insoluble in water and solutions of 
caustic alkalis. See Appendix^ p. 295. 

Preparation 79. 

.Oil I I 

o- and p-Nitrophenol, Qll.jk 

'■'NO.. 2 4 

Hofmann, Annalcn^ ^*^57^ 103 , 347; Fritsche, Afuialc?!^ 1B59, 
110 , 150 ; Kekule, f.chrbiich d. org. cheni,^ 3, 40. 

40 grins, phenol 

70 „ (50 c.c.) cone, nitric acid (in 1700.0. water). 

The phenol, melted in a basin on the water-bath, is slowly 
added in small qiuintitics to the nitric acid and water contained 
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in a large round flask (i litre), and the contents of the flask 
well shaken. On the addition of the plienol, the liquid immedi- 
ately changes to a deep brown or black colour, and a hea\'y 
dark-brown oil separates out. When the phenol has been 
added, the mixture is allowed to stand for 12 hours. The oil 
has by that time collected at the bottom of the vessel, and may 
be freed from acid by repeatedly decanting- and pouring' in 
fresh water (three or four times). The contents of the flask 
consist of nearly equal quantities of para- and ortho-nitrophenol 
mixed with resinous products. In order to separate the two 
isomers, the product is distilled in a current of steam (sec Fig. 
68, p. 107) until the distillate is almost colourless. The ortlio- 
compound distils in the form of a yellow oil, which may solidify 
in the condenser, in which event the water is temporarily run 
out of the condenser. The solid in the receiver is separated by 
filtration and dissolved in spirit at 40'’’, to which water is tlien 
added, drop by drop, until a turbidity is produced. Yield, i 5 
grams. The solid residue contains the para-compound mixed 
with black, resinous substances, from which it is separated ])y 
repeatedly extracting with boiling water. The united portions 
of the aqueous extract arc boiled with animal charcoal for 
half an hour in a large basin, and filtered through a fluted fiUtu- 
moistened with water. The filtrate is made alkaline with 
caustic soda solution, and concentrated to a small bulk (itx) 
C.C.). If tarry matter separates, it must be filtered through a wet 
filter. To obtain the free para-compound, the concentral<‘d 
aqueous solution of the sodium salt is cooled, and the separated 
sodium salt filtered. The crystals arc dissolved and acidified 
with concentrated hydrochloric acid, and the nitrophenol, wliirh 
separates, is filtered and recrystalliscd from hot water. Yield, 
10 grams. 

CoHfiO H + H O N Oi> - O H CoH,iN O. + FLO. 


Properties. — o-NifrophenoP sulphur-yellow needles, pos- 
sessing a peculiar smell ; m. p. 45°; b. p. 214'' ; distillable with 
steam ; solulfie in alcohol, ether, and hot water ; less soIqIjIc in 
cold water. 

l>Nit?vphe?top colourless needles ; m. p. 114° ; easily soluble 
in alcolufi and hot water ; slightly soluble in cold water. See 
Appe?tdiXj p. 295, 


picric: acid 


r*REI’ARATlON 80. 

/NO 2 2 

Picric Acid (Trinitrophcnol), C(jH.,(0H)^N02 4 

^N02 6 

Woiilfe, 1771 ; Schniidtj Glutz, Bc 7 \^ 1869, 2 , 52. 

25 g'rms. phenol. 

25 „ cone, sulphuric acid. 

100 „ (70 c.c.) cone, nitric acid, sp. gr. 1*4. 

25 „ (20 c.c.) fuming nitric acid, sp. gr. 1*5. 

The ])hcnol and concentrated sulphuric acid are heated 
together in a ])orcel«'iin l)asin for a few minutes, until a clear 
solution of i)henol sulphonic acid i.s obtained. It is diluted 
with half its volume of water, well cooled, and then slowly 
added, in small c[uantities at a time, from a tap-funnel, to the 
nitric <acid contained in a Hash (r litre), and well shaken.^ 
Tlie lit|uid assumes a, deej) red colour, a considerable rise of 
temi)eraiure occurs, and i‘ed fumes are evolved. When the 
phenol suli)honic acid has been added, the flask is placed on 
the water-bath and heated, with the addition of 25 grams fuming- 

nitric acid, for i 2 hours.'^' On cooling, picric acid separates 

out as a yellow, crystalline mass. It is diluted with water, 
filtered at the pump, and washed free from the mother liquor 
with cold water. It is then purilied by rccrystallisation from a 
large c[uantity of hot water acidified with a few drops of 
sulpluiric a, rid. Yield, about 30 grams. 

C,;f f,( 0 1 1 ) + 1 f.,SO,j - QH^rOIO.SOaH -H HgO. 
CtjH,(()n)SO.jH 4- 3H0N().>- 

C,Il2(0H)(N02)3 + 3 H 2 O +H 2 SO 4 . 

™Yellovv, prismatic crystals; m. p. 122*5°; sub- 
limes on gently heating ; e.xplodes on detonation ; easily soluble 
in alcohol and ether ; with difficulty in cold, more readily in 
hot water ; the solution has a bitter taste. 

Reactlom,— \. To an acjueous solution of picric acid add a 
little potassium cyanide solution, and warm. A brown crystal- 
line precipitate of isopurpuric acid separates. 

2. Add ])icric acid and a few drops of caustic soda to a dilute 
solution of grape sugar, and warm. I'he liquid turns deep brown. 
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3. Dissolve naphthalene in a little spirit, and add aii 
equal quantity of a solution of picric acid in spirit. Oo 
cooling, yellow needl^ of naphthalene picrate separate, 
CioHj5.CgH 20H(N02)3.' Benzene forms colourless crystals, 
anthracene, scarlet needles, having a similar composition. See 
Appendix^ p. 295. 


Preparation 81. 

Phenolphthalein, Cf 

\^CfiU^C0.0 

Baeyer, Ber.y 1876, 9 , 1230, and 1880, 202 , 68, 

10 grms. phthalic anhydride. 

20 „ phenol. 

8 „ cone, sulphuric acid. 

The phthalic anhydride, phenol, and concentrated sulphuric 
acid are heated together to 115 — 120" in the oil-bath 8 — 9 hours. 
The mass becomes semi-fluid and of a dark red colour. It is 
poured, whilst hot, into a basin of water (500 c.c.) and boiled, 
until the smell of phenol has disappeared, the water being' 
renewed as it evaporates. The undissolved yellow granular 
precipitate, on cooling, is separated from the liquid by filtratioii, 
and washed with water. It is then dissolved in dilute caustic 
soda solution, filtered from the undissolved residue, and tlie 
filtrate acidified with acetic acid and a few drops of hydro- 
chloric acid. The phthalein separates out, after standing for 
some hours, as a light yellow, sandy powder, which is filtered 
and dried. It is purified by dissolving in absolute alcohol witl> 
the addition of animal charcoal (i part phenolphthalein, 6 parts 
alcohol, and ^ part charcoal) and boiling the solution on tlie 
water-bath for an hour. The mass is filtered hot, washed witl\ 
2 parts boiling alcohol, and the filtrate evaporated down to 
two-thirds its bulk on the water-bath. On adding 8 times tlie 
quantity of cold water to the cooled solution, the latter becomes 
turbid. The liquid is well stirred, and, after standing a few 
seconds, filtered through cloth from the resinous oil whicli 
separates. On heating the filtrate on the water-bath to expel 
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excess of alcohol, phenolphthalcin crystallises out in the form 
of a white powder. Yield, 5 j^rams. 

.COv .C(C,lI,OH).. 

2C„II,(OIl) + qm/ V) .. CJI,/ >0 + 11 , 0 . 

\co/ \C() 

Pro/uT//t'S'. .granular, crystalline powder ; m. p. 

250 253'^ ; very slightly soluble in water, readily soluble in liot 

alcohol ; soluble in alkalis with a crimson colour. Sec Appc}uiL\\ 
p. 296. 


Preparation 82. 

Fluorescein and Bosin, 

X;;llBr.,OH 

>n 

•'v ('.jlllboOH 
I CV,11,,C().0 

Bacycr, Annalt'n^ 1876, 183 , 3. 

10 grins, iihtlialk: anhydride, 

15 „ resorcinol. 

7 „ zinc chloride (fused and powdered). 

Tlic phthalic. anhydrkle and resorcinol are ground together 
and heated in a deep tin dish or cylinder to 180'". d'o the 
fused mass tlic zinc chloride is added with continual stirring in 
the course of ten minutes. The temperature is now raised to 
210’ and the heating continued until the mass is (|uite liard 
(about 2 hours). On cooling, the melt is chipped out, j)iilvcrised, 
and l)()iled for ten minutes with 150 c.c. water and 10 c.(’. cone, 
hydrochloric acid. I'he tluoresccin is filtered off, washed, and 
boiled with a small ((uantity of a1)S()Iule alcohol to dissolv^e 
im|)urilies, 'fhe residue is then dried on the water-bath. Yield 
20 grams. 

Bosin. - Fifteen grams of the nuorc.sccin are mixed in a flask 
with 80 c.c. spirit and ir c.c, bromine are dr<)[)pcd in from a 
iHirettc in the course of cjiiarter of an hour. Heat is developed 
and the fluorescein gradually dis.solves until, when half the 
bromine has been added, a clear solution is obtained. Further 
addition of bromine precipitates the tetrabromo-comimind 


/;,IIA)H 
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(eosin). After standing two hours the precipitate is filtered, 
washed with spirit, and dried at iio'^ to expel alcohol of crystalli- 
sation. Yield 30 grams. . 

In order to obtain the sodium compound, 6 grams of the 
product are ground in a mortar with i gram of sodium carbonate, 
placed in a beaker, and moistened with alcohol. Five c.c. of 
water are added and the mixture boiled until the evolution of 
carbon dioxide ceases. To the sodium salt 25 c.c. spirit are 
added and the mixture boiled and filtered. On standing for 
a day or two, the sodium salt crystallises in brown needles. 


.CO. 

CeH,/ cq/^ + 2C6H,(0H)2 


/OH 

c /‘^<0 

C6H4<^ O ‘OH 
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See p. 296. 


Preparation 83. 

Salicylaldehyde (^-Hydroxybenzaldehyde) 
p-Hydroxybenzaldehyde, 


Reimer, Tiemann, Ber,y 1876, 9 , 824. 


C H 


1 I 

2 4 * 


50 grms. phenol. 

100 „ caustic soda. 

j6o „ water. 

75 „ chloroform. 


The phenol, caustic soda and water are mixed together in ^ 
round flask (i litre) attached to an upright condenser and 
heated to 50 — 60°. The chloroform is then added gradually 


SAUCYLALDEIIYDE 


I; 

h 

I 

[ 


1S9 

throLij^h the toj) of the condenser and, after eacli addition, the 
flask is well shaken. A gentle reaction sets in, and the temper- 
ature rises. At the same time the surface of the brownisli 
yellow solution takes a violet tint, which raj)idly fades, the 
licfuid finally assuming a deep red colour. When all the chloro- 
form has been added, the contents of the flask are Ixiilcd for half 
an hour. A yellow semi-solid mass separates out of the solution. 
The unattacked chloroform is now distilled off on the water- 
bath, the litiuid diluted with water and strongly acidified with 
dilute hydrochloric or sulphm-ic acid. A thick red oil se])arates 
out on the surface and is sii])jectcd to distillation in steam. An 
oil, having a faintly yellow colour, distils over with the water, and- 
settles to the botj^imTof the receiver. When drops of oil cease 
to condense, the distillation is stopped. The distillate, which con- 
tains s.alicylaldehyde and phenol, is extracted with ether, and the 
ethereal solution well shaken with a saturated solution of sodium 
bisult)hitc (sec Reaction 2, 'p. 67). The bisulphite compound 
of salicylaldchyde separates out in colourless needles, which arc 
filtered, washed free from traces of phenol with alcohol and then 
decomposed l:)y heating tvith dilute sulphuric acid. The aldehyde 
which separates is taken up with ether, dehydrated over calcium 
chloride, the ether driixm off and the aldehyde distilled. 
Yield, 10 grams. In the distilling flask from which tlu^ salic'yl- 
aldehydc has in the first instance been removed with st(‘am, 
there remains a Itrownish fujuid and a dark red sul)stance, wlfudi 
sinks to the Ijottom of the vessel, and forms a l>ritlle resin on 
cooling. Tlie a(|UCous ])orli()n is filtered hoi tlirongh a, moislenetl 
filter, whicli retains the resin, and the filtrate, containing /;-liy(lr- 
oxybenzaldchydc, is extracted when cold with ether. On distilling 
off the solvent, the aldehyde remains in tlic form of a yellow 
mass of stellar-shaped needles, which may l)e purified 1)y 
crystallisation from hot water. Yield, about 2 grams. 

CJIrPNa + sNaOIl + CIICl., = + 

3NaCl -I- 2I IX). 

Jbv/h'r/ii's. — SalityhildcJiydi\ Colourless fragrant oil, b. )). 
I96*5‘' ; sp.gr. 1*173 ‘d solidifies at 20", forming large 

crystals. . Vh)Iatile in steam ; soluble in water ; miscible in all 
proportions with alcohol and ether. 
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Reactiofi. — xAdd a drop of ferric chloride to the aqueocis 
solution of the aldehyde. A deep violet colouration is produced 
p- Hydroxy be J2saldcIiyde,—Co\o\.\v\tss needles, m. p. 1 1 5 — 1 1 ; 
scarcely soluble in cold water, readily in hot water, alcohol an d 
ether. Non-volatile in steam. The bisulphite of socliuo'i 
compound dissolves readily in water. 

Reaction— The. same as above ; but the colouration is less 
intense. See Appendix, p. 297. 


Preparation 84. 

Salicylic Acid (^>-Hydroxybenzoic Acid), 

Kolbe, J. pra^t, Ckem., 1874,(2), 10 , 95. 

10 grms. caustic soda. 

23 „ phenol. 

This preparation should be commenced first thing in tlae 
morning. Dissolve the caustic soda in about 10 c.c. of water in 
a small porcelain basin and add the phenol. Heat the basin on 
wire-gauze over a very small flame, and, whilst holding it firmly 
with a small clamp (tongs are too insecure), keep constantly 
stirring with a glass rod. After a short time the mass becomes 
stiff and balls together. The basin should now be removed 
from the gauze, and the mass stirred and broken up as it cools- 
When still warm, it is sufficiently hard to powder in a mortar. 
It is quickly powdered and transferred to a small retort (200 c.c.) 
heated in an oil or paraffin bath to 130 — 140°, and dried loy 
passing over it a fairly rapid current of dry hydrogen from n. 
Kipp. In about an hour all the moisture is removed, and tl:ie 
body of the retort appears dry. The light coloured mass in tl:ie 
retort is allowed to cool whilst the hydrogen is passing througTi, 
then broken up and shaken into a mortar, when it is quicldy 
powdered and replaced. The object of the above operation, is 
to obtain perfectly dry, uncharred and well-powdered sodicina 
phenate, upon which the success of the preparation entirely 
depends. A moderate stream of carbon dioxide, dried througTi 
concentrated sulphuric acid, is now passed over the surface of 
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the socliuioT^ phenate by means of a bent tube fixed through the 
tubulus of retort, and terminating just al)ove the substance. 
The oil-bath is gradually raised from 140" to 

180 — whilst fresh surfaces arc exposed by occasionally 

stirrinc^- witl^ glass rod inserted for a moment through the 
I tubulus. .A-t the end of four hours the temperature is raised to 190 

— 200"^ fox' ixiiother hour, and the process stopped. During the 
heatinc:^- sx considerable quantity of phenol distils, and solidifies in 
^ the ned'C of the retort, whilst the contents become dark coloured. 

The m^tss is shaken out into a basin without disturbing the phenol 
in the i:ioc:lc, the residue dissolved by filling the retort two- 
/ thirds fLill of w'ater. This is poured into the basin containing 

the otlxoi" |_:>ortion, which soon dissolves. The solution is acidi- 
fied witl"! ooncentrated hydrochloric acid, which throws down 
impuro s^xlicylic acid in the form of a dark l>rown pre- 

cipitato. 'When cold, the precipitate is filtered at the pump, 
and wixsl^cd with a little cold water. A further quantity 
/ may bo ol^triincd by evaporating the filtrate to a small bulk. It 

is purifieci by dissolving in water, boiling with a little animal 
charcon .1 n-iacl filtering. The filtrate deposits the acid, on cooling, 
in coloi.irloi:>.s needles. Yield about 6 grams. 

I. Na -}- C(L - C,n,O.CO.ONa 

.Stxliimi phenyl cnrhonale. 

I 

I 

I 2. C„tI^O.CO.ONa + C„H,ONa-C„H„<^^”^,j^.^ + C„H50H 

DisocUum suHcyhilc. 

Colourless needles; m. p. 155 — 156’; soluble in 
alcohol rtix-cl hot water. 1 00 ' parts water dissolve 0*225 
I 15* and 5 pJLi'hs at 100". 

I s-^ I. Dissolve a little of the acid in water and add 

j a drop of fe rric. cliloride. A violet colouration is obtained. 

' 2, Gi-irxcl xip some of the acid with soda-lime and cover with a 

shallow Irxyor of the same substance. On heating strongly the 
smell of plxonol is perceived. 

CoId.,(OH)CO.OH T CaO C<;Ib.OII + CaCO;^. 



'li 

I 

i'l 


See p. 297. 


192 PRACTICAL ORGANIC CHEMISTRY 


Preparation 85. 

Quinone and Quinol (Hydroquinone), ^ 

p TJ I Q rr /OH I 

^ ^ ^\OH 4 

Woskresensky, Annalm^ 27 , 268 ; Nietzki, Ber,^ 1886, 

19 , 1467 ; Meyer and Jacobson, Lehrbiich^ vol. ii., 421. 

25 grms. aniline. 

200 „ (no c.c.) cone, sulphuric acid. 

750 c.c. water. 

80 grms. potassium bichromate.^ 

The water and aniline are mixed together in a large glass jar 
(i^ litres) and the sulphuric acid added. The mixture is cooled 
in ice and stirred with a turbine (see Fig. 64, p. 91). The finely- 
powdered bichromate is added every few minutes in small quan- 
tities on the end of a small spatula, until about one-third has 
been added, care being taken that the temperature does not 
exceed 10'’. The mixture is then left to stand over night, and 
the remaining two-thirds of the bichromate introduced as before. 
Aniline black separates out in the first part of the operation, 
and in the second part of the process gradually dissolves, 
giving a deep brown solution. The liquid, after standing for 
four to five hours more, is divided into two about equal portions. 
One half is shaken up, not too vigorously, with a large quantity 
(200 c.c.) of ether three times. The same ether may be distilled 
and used again. Vigorous shaking produces an emulsion, which 
very slowly separates. On distilling off the ether, the quinone 
remains in the form of yellow needle-shaped crystals, which may 
be purified by sublimation. The substance is placed in a flask 
attached to a condenser, and a rapid current of steam blown 
through. The quinone sublimes and collects in the receiver, 
and is sepai*ated from the water by filtration, and dried. Yield 
about 10 grams. 


1 Or an equivalent quantity of sodium bichromate (75 grams), which may be 
dissolved in 3 — 4 times its weight of water and delivered from a tap-funnej 
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9'lie reliction ('onsists in the oxidation and elimination of tlie aniino- 
nroup aiid simultaneous replaeeiiU'nt ol two hydrogen a'toms in the 
hen/ene nucleus hy oxygen, and cannot well he expressed in the 
h)rm of eipialion. 

i 9 Yy^<v 7 /V’.s\ ( ';()l(lcn-yell<)\v, needle-shaped crystals ; m. p. 

116' ; with dirficully soluble in water, readily soluble in alcohol 
and ether ; sublimes on heatin.^' ; its vapour has a penetrating' 
smell and attacks the eyes. 

I'it'th’tioH. Dissolve a few crystals in water .and add a solution 

of sulphur dioxide. 'I'he solution first darkens from the forma- 
tion of (.punhydrone, C,.f l.jtd ) I ll_., .and then liecoincs 
colourless tind I'ont.ains r|uinoI. 

Qliinol.- 'flic other half of the product is treated with a 
current of sulplnir dioxide until, after st.andino- for a time, it 
ret.ains the smell of the j^.as."^ d'he suljihur dioxide is most 
conveniently olitaineil from a bottle of liipiid, or it may be pre- 
pared by tlropping concentra.t(‘d sulphuric acid from a tap- 
funnel on to sodium sulphite, 'i'be liquid, aftca- standinj:;- one to 
two hours, is extracted with ether until no more quinol is 
removed, d'he ether is distilled off, and tlie dark coloured 
residue rccrystallised from water with the addition of sulphur 
dioxide and a little anim.al cli.arcoaL Yield about 10 ,qrams. 

Qlldb 4 - so., ‘h 2li.A) C.jIIjtOII)., -h lDS().i. 

/bY5/;(77/c.v.- -Colourless prisms ; m.p. 169' ; subliines at a 
g'cntle heat ; easily soluble in alcohol, ether, and hot wiiter. 

Reaclio^is. — i. 'I'o a solution of tjuinol in water, add a few 
drops of ferric: ('hloride. The solution turns brown and ether 
now extracts quinone. 

C,;M,j(OII).. T el'eClj - C,;II,,Cb + eFeCL 4 - 2IICL 

2. Add to the solution of quinol in water, a drop of cop})cr 
sulphate, and caustic soda, and warm. Cuprous oxide is pre- 
cipitated. 

C(jII.i(QlI)., 4 ' 2Cu() - + Cu,.U 4 “ Ib.O. 

See Appendix^ p. 297. 
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Preparation 86. 

Benzyl Chloride, C.HsCHoCl 

Cannizzaro, A?malen^ 1853, 88, 129. 

100 grms. toluene. 

I „ phosphorous trichloride. 

The apparatus consists of vessels for evolving and drying cliilo- 
rine (see Fig. 62, p. 88) and a weighed retort (300 c.c.) standiiigT 
on wire-gauze, into which the toluene is brought. (Fig. 80.) The 
chlorine enters through an inlet tube, fixed through the 
of the retort the neck being fixed to a reflux condenser. The 



dry chlorine is conducted into the toluene, which is kept boiling: 
gently until it has gained about 37 grams in weight.* The licjuid 
turns yellow, and hydrochloric acid fumes are evolved ixt. the 
upper end of the condenser. When the reaction is complete the 
contents of the retort are distilled.* At first unchanged toliaene 
distils ; the fraction boiling at 165 — 185^ contains nearly »the 
whole of the benzyl chloride, and forms the greater p3,rt of 
the product. The liquid, which passes over above 18 5^, is a 
mixture of higher chlorinated compounds, and consists clnLiefly 
of benzal chloride, CgHsCHClo, and benzotrichloride, CsHEsCCla. 


liKNZVL ALCOIiOl 


I9S 


portion <. > ii taiiiinu;' the bcn/.yl chloride is repeatedly frar- 
unlil iicjuid is oinainetl, boiliipL; at 176 - 180', which 
IS nearly pure l>enLzyl cliloridt*. Meld 80 poi^rains. 

<Mj! + CL - C,; 11 ^C 1 LC 1 + llCl. 

J>7^opert2es, Oolourless litjiiitl with an irritating- smell ; b. p. 

; sp. g'r, I * toy at 14". See Ap/>cihii.\.\ p. 299. 

Prkpara'pion 87, 

Benzyl Alcohol, C',;I!.-CI hjOH 
S<Ml<-.n '1 rtum, Widman, /uv'., 1892, 25 , 3290. 

20 ]jen/.yl c'hloride. 

16 ,, jxitassiuiii carbonate (In 200 c.c. water). 

In a round tlask (1 litre) attac-hed to a reflux: condenser, 
iDoil the mixtriro of l)en/.yl chloride and potassium ('arbonate 
solution over \vi re-gauze with the addition of a few bits of porous 
pot. The boiling- must be continued until the smell of benzyl 
cbloridc hns disrtppeared (6 — 8 hours). E.Ktract the licpiid with 
etlaer, deliyclrnto over i)Otassium carbonate, decant through a 
filter and distil off the ether on the water-bath. Continue the 
distillation ov^or Avi re-gauze, run the water out of the condenser 
and collect a.t :2 00 —21 oh Yield 12 15 grams. 

2 CoHr/:ibci -4- 1 1,0 f-.K.co, 2 C,;ii,cn,oii + 2 KCI -f CO,* 

I^ropcri/ifs ^ Oolourless liquid with a faint aromatic smell ; 

b. i->. 206-5'^ ; S|>. ro5 at iS'g"'; moderately soluble in water. 

/Reactions.— - i , Boil 2 or 3 drops with 2 — 3 c.c. dilute nitric 
acid ( iHN l I .p )) ; bcnzaldebyde is first formed and is detected 

by the sinelL On continued boiling, benzoic acid is formed and 
separates on oooling in crystals. 

2. Warm i e.ic. of the alcohol with i c.c. concentrated hydro- 
chloric acid. 'J'he clear solution becomes turbid and benzyl 
chloride sepj-i rotes out. 

c:,;i i,,c: 11,011 + MCI c.ihCHoCi + h,o 

Sqq \). 30Q. 

o 2 
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Preparation 88. 

Benzaldeliyde (Bitter Almond Oil), C^H^.CO.H 

Liebig, Wohler, Aiinahii^ 1837, 22 , i ; Lauth, Grimaux, A?in- 
%len^ 1867, 143 , 186. 

50 grms. benzyl chloride. 

40 „ copper nitrate. 

500 c.c. water. 

The mixture of benzyl chloride, copper nitrate and water is 
heated to boiling in a round flask (ij litre) with upright 
condenser on the sand-bath for a day (8~-9 hours). A slow 
current of carbon dioxide is at the same time passed through 
the liquid to prevent oxidation of the benzaldehyde by absorp- 
tion of oxygen from the air. During the process nitrous fumes 
are slowly evolved. When the reaction is complete, the contents 
of the flask are extracted with ether, and the yellow oil remaining, 
after distilling off the ether, is well shaken with a satu- 
rated solution of sodium bisulphite ^ and allowed to stand for 
a time. The colourless crystalline mass which separates 
out is filtered, washed with a little alcohol and ether, and then 
drained on a porcelain filter. The aldehyde is regained by 
adding dilute sulphuric acid in excess and distilling in steam. 
The distillate is extracted with ethej', dehydrated over calcium 
chloride, decanted, and the ether distilled off. Yield, about 15 
grams. 

2C0H-CH2CI -f Cu(N 03)2 = eCflHfiCOH + CuCla + 2HNO,. 

Properties . — Colourless liquid, with a pleasant smell ; b. p. 
179° ; sp. gr. I '0504 at 15*^ ; it quickly oxidises in the air, forming 
benzoic acid. 

Reactions. — i. Leave a drop of benzaldehyde on a watch- 
glass. It solidifies by becoming oxidised to benzoic acid. 

2. Add 5 c.c. concentrated ammonia to I c.c. benzaldehyde, 
cork up and leave two days. Crystals of hydrobenzamide, 

1 The solution is prepared either by dissolving solid sodium bisulphide in water or 
by passing sulphur dioxide into powdered sodium carbonate covered with a sh.allow 
layer of water. The carbonate dissolves with efTervescence, forming a heavy apple* 
green liquid smelling strongly of sulphur dioxide 
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^ separate out, which may be recrystallised from 

spirit* 

,.COH -f 2NH3 = (CcH5CH)3No + 3H2O. 

J~i orit ^ water-bath 2 c.c. benzalclehyde and 2 c.c. 

anili^^^ _ hour. Crystals of benzalaniline are formed 

on cooliiai--, + CoH^NH, = CoH^CHtN.C.H, + Hp, 

whid'^^ oirty :>Qv filtered and crystallised from spirit ; m. p. 42^. 

Sl^^tKe Up together 10 grams of benzaldehyde with 9 grams 
caustic potasl^ 

in 6 c.c. of water until a permanent emulsion is 
forfB-ticl itnc 1 q^ stand 3 — 4 hours. Dissolve the solid product in 
littlo wiite^. j^iid shake out with ether twice. On acidifying 
the a. Cf 1.1 oous jportion with hydrochloric acid, benzoic acid is 
preci'pi-t-^'^tccl. ifrilter and wash with a little cold water and dry. 
Distil tlac etlaer from the ethereal solution. The residue 
is bei*i 3 iyl Blcotiol (Cannizzaro). 

3C:«Hr,Co H + KOH = QR^COOK + QH^CH^jOH. 

See ixlso Ueactions on p. 135 and p/174, and Appendix, p. 300. 


Preparation 89. 

ai-id /il-Benzaldoximes, CcHsCthNOH 

Beckmann, Ber,^ 1890, 23 , 1684. 

^ ^ grvms. benzaldehyde. 

15 3, hydroxylamine hydrochloride. 

^4 5, caustic soda (in 40 c.c. water). 

Tlao s^olulioiTL of caustic soda and benzaldehyde are mixed and 
the la ycl rc^xybvmine hydrochloride gradually added with constant 
shalciia^'. dl-ie liquid becomes slightly warm and the oil even- 
tually clissolv'es, forming a yellow solution which has lost the 
smell of loensia-lclehyde. On cooling, a crystalline mass of the 
hydrooliloridc of benzaldoxime separates. Sufficient water is 
addecl to forni a clear solution, through which a current of 
carboiTi clioxidLe is passed. A colourless emulsion of the a- or 
^?;z//-0-lcloximo separates on the surfiice and is extracted with 
ethei", cleliycli-3.ted over anhydrous sodium sulphate and the 
ethei" I'CMiiovocl on the water-bath. Impure benzcz/^Z/aldoxime 
rema.ln .3 and is purified as follows. It is poured into a 
saturrxtocl solcition of sodium ethoxide in alcohol (prepared by 
dissolving' 5 sodium in 60 c.c. alcohol), when the aldoxime 
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separates as the sodium compound in the form of a semi-solid 
mass. It is filtered and washed with a saturated solution of sodium 
ethoxide in alcohol to dissolve out the ^-oxime. The product 
is dissolved in water, saturated with carbon dioxide and 
extracted with ether as before. Dry air is then drawn through 
the liquid to remove the last traces of ether when, if pure, 
the oxirne, on cooling to 0°, solidifies. If not, it should be 
distilled in vacuo. At I3 mm. it boils at 122 — 124"'' : at 10 mm. 
at 1 1 8-^ 1 1 9^ 

Yield, 10 grams. 

-f- 3HO,. 

QHs.CHO -h NH.,OH,HCl + 2NaOH = CoHr,CII:NONa + NaCl 
CgHsCHrNONa + COo + IDO = QHr,CITNOH -I- NaHCOg. 

Properties of a.-BenzaIdoxivie , — Colourless needles, m. p. 
34-”35"- 

Reaction . — Dissolve a small quantity of the a-oxime in a few 
drops of acetic anhydride, warm if necessary, and cool quickly 
by adding a little ice. Add to the clear solution solid sodium 
carbonate and a little caustic soda solution. The solution 
becomes clear on shaking or warming. 

^-Benzaldoxime. — The various steps in the preparation 
of the /3-oxime must be carried out continuously, and it is 
therefore necessary to- be provided beforehand with about 
300 c.c. of pure anhydrous ether. 

The a-compound is dissolved in 50 c.c. pure dry ether, and 
dry hydrogen chloride is passed in with constant shaking to 
prevent the delivery tube from becoming blocked. Colour- 
less crystals of the hydrochloride of the /3-oxime separate 
and are filtered and washed with dry ether and then placed 
in a separating funnel and covered with a layer of ether. 
K concentrated solution of sodium carbonate is gradually added 
with constant shaking until no further effervescence is observed. 
Sodium chloride is precipitated and the /3-oxime dissolves in 
the ether. The ether extract is separated, dehydrated over 
sodium sulphate, and the ether removed as rapidly as possible 
at the ordinary temperature by evaporation in vacuo. The 
residue crystallises, and when pressed on a porous plate leaves 
a mass of small silky needles, m. p. 126—130'^. It may be re- 



i 


I 

I; 


ii 

I 

i 


liKNZOIC ACID 


199 


crystallised by dissolving it in the smallest quantity of ether aiid 
then adding petroleum ether. - ; .■ 

The yield is theoretical. v;’, 


C„IIr,ai jjQ 

1 I 

HO.N 

OL- or (tufi-oximc. 


Qir.cii 

N.oii.ira 


Na„CO., 


■'ll 

N.OII 

i3- or sj'u-oxima. 


Properiics of the {i-Boizaldoximc . — Colourless needles, m. p. 
130^. 

Reaction . — Repeat the reaction for a-benzaldoxiine. In this 
case l)cnzonitrile is formed, which separates in oily drops having 
a characteristic smell. See Appendix^ p. 301. 


1 ‘RKPARATION 90. 

Benzoic Acici, CoIif,CO.OH 

5 grins, benzyl chloride. 

4 „ anhydrous sodium carbonate (in 50 c.c. water). 

S’5 „ potassium jiermanganatc (in 150 c.c. water). 

The benzyl chloride and sodium carbonate solution arc mixed 
in a round llask (| litre) attached to a rciliix condenser, and 
boiled gently over wire-gauze, whilst the permangtinatc solution 
is gradually drojijied in from a tap-funnel pushed through the 
top of the condenser. In the course of 2 — 3 liours the pink 
colour of the permanganate will Iklvc vanished and been replaced 
by a mass of dark l,)rown precipitate of manganese dioxide. 
When the liquid is cokl, a stream of sulphur dioxide is passed in 
until the manganese dioxide is dissolved (sec p. 166). The 
liquid is allowed to cool and the benzoic acid, which separates, 
is filtered at the punq^ washed with a little cold water and 
recrystallised from hot water; m. p. 121°. The yield is 
theoretical, 'fhe reaction probably occurs in two steps. 

1. 2 C,dIr,CM.(:i -f NaX(>.jT ^..0 

2 C,jIh,CII./)H -1- 2NaCl T COo. 

2. 3C6H6CH.>0II k 4 KMn(b -- 

3Qn-(;OOK -k 4Mn02 + KOH -k gH-O, 
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Properties . — Crystallises in needles ; m. p. 121° ; on heating- 
it melts and sublimes ; soluble in hot water, alcohol and ether. 
It distils in steam. 

Reactiojts. — i. Make a neutral solution of ammonium benzoate 
by adding excess of ammonia to benzoic acid and boiling until 
neutral To different portions add solutions of calcium chloride, 
ferric chloride, silver nitrate and lead acetate and note the 
results. 

2. Grind up 0*5 gram of the acid with four times the weight of 
soda-lime and heat gently at first and then more strongly. 
\’apours of benzene will be given off, which may be detected by 
the smell. C0H5CO.OH 4- CaO = 4 - CaCOg. 

See Appendix, p. 302. 


Preparation 91. 


m-Nitro-, m- Amino- and m-Hydroxybenzoic Acid, 


P ^ /NO., p rr /NH, p ^ /OH 
^6^4\cOOH’ ^«^-t\COOH’ ^^^^\COOH 


40 grms. benzoic acid. I 
80 „ potassium nitrate. 

TOO c.c. cone, sulphuric acid. 


I 

3 


The benzoic acid and potassium nitrate are mixed and care- 
fully powdered. The sulphuric acid is warmed to 70^ and 
stirred mechanically, whilst the mixture of benzoic acid and 
nitrate is added slowly, so that the teniperature does not exceed 
80°. When all is added the temperature is raised to 90"^, and 
kept at this temperature until the nitrated acid separates as an 
oily layer on the surface. On cooling, the layer solidifies and 
can be separated. It is then distilled in steam to remove 
benzoic acid. The residue containing the nitrobenzoic acid is 
heated to boiling and made slightly alkaline with baryta. Two 
litres of water are added and the liquid raised to the boiling 
point by passing in steam and then filtered. On cooling, the 
barium salt cr^'stallises and is filtered off and decomposed with 
hot dilute hydrochloric acid. The precipitated acid is re- 
crystallised from water ; m. p. 141°. Yield, 28 grams. 
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m-Aminobenzoic Acid 

20 L»rnis. nitrobenzoic acid. 

40 „ granulated tin. 

120 c.c. cone, hydrochloric acid. 

Tlic nitrobenzoic acid, tin, and hydrochloric acid are mixed 
in a litre flask and wanned until the reaction begins. When 
the first vigorous action is over, the mixture is heated on the 
water-bath until the tin is dissolved. The liquid is poured 
into a basin and evaj)oratcd on the water-bath to expel the 
excess ot hydrochloric acid. Ihc tin is then precipitated by 
passing into the hot, dilute solution a current of hydrogen 
sulphide. Tlic suli)hidc is fdtered and washed with hot water, 
and the fdtrate evaporated to dryness. To obtain the free acid, 
a small portion of the residue is dissolved in very little water 
made alkaline witli ammonia, and acidified with acetic acid. 
It is rccrystalliscd from water, and melts at I74^ 

m-Hydroxybeuzoic Acid, 

15 grms. ?//-aminobenz{nc acid hydrochloride (in 200 c.c. water). 
6*5 „ sodium nitrite (in 15 c.c. water). 

The nitrite solution is slowly added to the solution of the 
hydrochloride dissolved in water. The liquid is heated on 
the water-bath until the evolution of nitrogen ceases, and then 
filtered and concentrated. The hydroxybenzoic acid separates 
on cooling as a brown mass, which maybe purified by dissolving 
in water and boiling with animal charcoal. It separates in 
colourless crystals, in. jn 2 O 0 \ Yield, 7 grams. See Appendix^ 
P- 303- 

Pkkparation 92. 

m-Bromobenzoic Acid, ^ 

hliibner, Petermann, Aiumlcn^ 1869, 149 , 131. 

5 grins, benzoic acid. 

7 „ bromine. 

30 c.c:. water. 

The mixture is brought into a thick-walled tube, closed at one 
end and scaled in the usual way. The tube is heated in the 
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tube furnace to 140— 1 50'' for eight to nine hours. After cooling, 
the capillary is opened and the tube removed from the furnace. 
The bromine will have completely disappeared, and colourless 
crystals of bromobenzoic acid now fill the tube. The contents 
are removed, filtered, and boiled with water (100 c.c.) in a 
basin to drive off unchanged benzoic acid. The liquid is 
cooled, filtered, and the bromobenzoic acid crystallised from 
hot water. Yield, 5 grams. 

C0H5CO.OH + Brg = C6H4Br.CO.OH + HBr. 

Colourless needles ; m. p. 155°, 


Preparation 93. 

CcH^.CHOH 
Benzoin, I 
CgHs.CO 

Liebig, Wohler, Annale 7 i^ 1832, 3 , 276 ; Zinin, A 7 % 7 iale 7 i^ 1840, 
34 , 186. 

25 grms. benzaldehyde. 

5 „ potassium cyanide (in 20 c.c. water). 

50 c.c. absolute alcohol. 

__The mixture of benzaldehyde, potassium cyanide and alcohol 
is heated on the water-bath with an upright condenser for 
about half an hour. On cooling the liquid, the benzoin separates 
out as a mass of small colourless crystals, which are filtered and 
washed with a little alcohol. Yield, about 20 grams. A portion 
of the substance may be purified by recrystallisation from spirit. 

2C6H5COH = C6H5CO.CH(OH).CgH5. 

Propertics.~C<^om\^%% prisms; m. p. 137"; slightly soluble 
in water ; soluble in alcohol and ether. 

Reaction.— Fehling’s solution to benzoin dissolved in 
alcohol. Benzil is formed and cuprous oxide precipitated, 
Benzil is also formed on oxidation with nitric acid. 
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Benzil, CoHjCO.CO.CeHs 

1 5 grms. benzoin. 

35 ?? cone, nitric acid, sp. gr. 1*4. 

The benzoin and nitric acid are heated on the water-bath with 
an air condenser, the flask being occasionally shaken. Nitrous 
fumes arc evolved, and the crystals of benzoin are converted 
into a yellow oil, which, after two hours’ heating, is free from un- 
changed l:)enzoln. The contents of the flask are now poured 
into water, and the yellow crystalline deposit separated by 
filtration, washed with water, and recrystallised from alcohol. 
Yield, 10 — 12 grams. 

—Yellow prisms ; m. p. 95° ; insoluble in water ; 
soluble in hot alcohol. 

Rcacfioji , — I. Dissolve a small quantity of benzil in a little 
alcohol, add a fragment of caustic potash and boil. A violet 
solution is obtained. 

Benzilic Acid, (C6H5)2C(0H).C02H 

10 grms, benzil. 

50 „ caustic potash. 

The caustic potash is melted with a small quantity of water in a 
silver or nickel crucible. The temperature of the mass is brought 
to 1 50®, and the finely powdered benzil added. The benzil melts, 
and the mixture shortly changes to a solid mass of potassium 
bcnzilate. The cooled melt is dissolved in water, and the 
alkaline solution acidified with hydrochloric acid, which precipi- 
tates the benzilic acid. The crystalline mass, which contains 
small quantities of benzoic acid, is separated from the mother- 
liquor and washed with cold water. It is then transferred to a 
porcelain basin, dissolved in hot water, and the solution boiled 
until the smell of benzoic acid has gone. On cooling, benzilic 
acid crystallises out, and is purified by a second crystallisation 
from hot water. 

Q;H,.CO.CO.C,.H,+ KOH -(C,,H5)X.(OH).COOK. 

Properties , — Colourless needles ; m. p. 150° ; scarcely soluble 
in cold, readily in hot water and alcohol. 

Reaction , — Add a little concentrated sulphuric acid to benzilic 
acid. It dissolves with an intense red colour. See Appeitdtx,, 
P- 303* 
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Preparation 94. 

Cinnamic Acid (Phenylacrylic Acid), 
CoH5.CPI:CH.CO.^H 

Bertagnini, Annalcn^ 1856, 100 , 126 ; Perkin, Titans. CJici?!, 
Soc,, 1868, 21 , 53 ; 1881, M, 1826. 

20 grms. benzaldehyde. 

10 „ sodium acetate (fused). 

30 . „ acetic anhydride. 

The mixture of benzaldehyde, sodium acetate, and acetic an- 
hydride is heated to 180^ in a small round flask with upright 
condenser in an oil-bath for about eight hours. The mass is 
poured out whilst hot into a large round flask (i litre), sodium 
carbonate added until alkaline, and any unchanged benzaldehyde 
distilled off with steam. After filtering from undissolved resin- 
ous by-products, hydrochloric acid is added, which precipitates 
the free cinnamic acid in white crystalline flakes. It may 
be purified by recrystallisation from hot water. Yield, 15 — 20 
grams. 

1. CeH5CO.H + CH3.CO.ONa = CoR5CH:CH.CO.ONa + H20. 

2. CoH5.CH:CH.CO.ONa+H20 + (CH;j.CO)P=: 
CcHj.CHrCH.COOH + CHsCO.ONa + CHa.COOH. 

P 7 'operties . — Colourless prisms; m. p. 133°; b. p. 300 — 304°* 
See Appendix^ p. 304 


I 
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Preparation 95. 

Hydrocinnamic Acid (Phenylpropionic Acid), 
CoH3CH2.CH.,.C02H 

Erlenmeyer, Alexejeff, Annalm^ 1862, 121 , 375, and 1866, 
137 , 237. 

10 grms. cinnamic acid. 

100 „ water. 

170 „ sodium amalgam (2?; per cent). 

The sodium amalgam is prepared by warming 200 grams of 
mercury in a porcelain basin for a few minutes. The mercury 
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is poured out into a mortar which is placed in the fume cup- 
])oard, the window ot u hieli is drawn down so as to protect the 
face, l^'ive granis ot sodium are introduced in small pieces, the 
size of a i)ea, and pressetl with a pestle under the surface of the 
iiiercury. Kaeh ]fiece dissolves with a bright flash. The 
amalgam is poured out whilst semi-fluid on to an iron tray, 
broken up, and kept in a wide-necked stoppered bottled 

'fhe cinnamic acid and water are introduced into a strong 
beaker or bottle (300 c.c.), and the liquid made slightly alkaline 
with caustic soda, which dissolves the acid forming the sodium 
salt. The sodium amalgam is added in small pieces from time 
to time and the fRiuid thoroughly agitated. The solution, which 
remains clear, ]:)ecomes slightly warm, and the amalgam soon 
licjucfies, l)ut no hydrogen is evolved until towards the end of 
the operation. When th.e whole of the amalgam has been 
added, and hul)l.)les of gas cease to be given off, the solution is 
decanted from the mercury, which is rinsed with water. On 
ac'idifying the solution with hydrochloric acid, hydrocinnamic 
acid is precipitated as a colourless oil, which solidifies on stand- 
ing. It may l.)e recrystallised from a large quantity of warm 
water. Yield, 8- -9 grams. 

C,j C H C H.. C OJI. 

/’;7>/'c;'//V.v. — Long ('olourless needles; m. p. gy*" ; b. p. 280'’; 
soluble in water and alcohol ; volatile in steam. See 
p. 306. 


PRKPARATION 96. 

Mandelic Acid, CoM,.CH(OH).COOH 
I'nedliindt'r, I'hccrfarbenfabrikaiioii IV, 160. 

15 grins. Ixmzaldehyde. 

50 c.(’. (‘onc. sodium Ijisulphite solution. 

12 grins, iiotassium c)'anidc (in 20 c.c. water). 

The benzaldehydc and sodium bisulphite are mixed together 
and stirred, 'fhe mixture forms a semi-solid mass of the 

1 If lar.tjer tiuautitlcs uf unuil-ain are rctiulred, the mercury is heated in a small 
eiianielled pan, or crucible, the S(.)dium added, in one lot, and the vessel immediately 
closed with a lid, which is held (lown with long crucible tongs until the reaction is 
over, and then poured out whilst fluid. 
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bisulphite compound, which after standing for half an hour is 
filtered and pressed at the pump and washed with a little water 
and spirit. The mass is then ground to a thick paste with water 
and the solution of potassium cyanide added. After a short 
time mandelic nitrile separates as a reddish oil and is removed 
by means of a tap-funnel with the addition of a little ether. 

CoH 5 CH(QH)S 03 Na+KCN = C 6 H 5 CH(OH).CN-h(K)(Na)S 03 

The ether is allowed to evaporate on the water-bath and th e 
nitrile is then hydrolysed by continuing to heat it on the water- 
bath with the addition of 4 — 5 times its volume of cone, 
hydrochloric acid until crystals appear on the surface. Water 
is added and the hot liquid decanted and filtered from any oil. 
On cooling, the crystals are filtered, washed with a little cold 
water and dried. A further quantity can be extracted from the 
filtrate with ether. It may be recrystallised from benzene. 
Yield, 10 — 15 grms. 

CoH.CH(OH)CN + HC 1 -{- 2 H.O 

= CoH5CH(OH).COOH + NH4CI. 

p 7 ' 0 pe?'fies, — Colourless needles, m. p. 118-119“; dissolves 
readily in hot water and in 6 parts of water at 20''''. The acid is 
racemic ; the active components exhibit a rotation of [«]S"== dz 
157° in aqueous solution. See Appendix^ p. 306. 


Preparation 97. 

Phenyl Methyl Carbinol, CcH^ CH(OH).CPl3 

Grignard, Coinpt. rend. 1900, 130 , 1322 ; Klages and Ullen.- 
dorf, Ber.^ 1898, 31 , 1003. 

36 grms. methyl iodide. 

150 c.c. ether (purified and carefully dried over sodium). 

6 grms. magnesium ribbon or powder. 

26 „ benzaldehyde. 

The magnesium methyl iodide is first prepared and is 
formed by the action of methyl iodide on the metal. The 
magnesium ribbon or powder is placed in a dry, round fiaslc 
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(i iiirc), connected with n Ion- condenser and dropping funnel 
as shown in hig. 8i. 

'I'he methyl iodide aiul 50 c.o. of dry ether are mixed in a 
separate vessel and 20 c.c. 
of this mixture poured on 
to the magnesium. In a few 
seconds a vigorous action 
usually sets in or if it is de- 
layed may be started by 
adding a crystal of iodine. 

When tlic first reaction lias 
subsided, 70 c.c. of dry etlier 
are added, and the remainder 
of the alkyl iodiile and ether 
mixture run in drop by droi) 
from the ta])-funneL The 
contents of the llask are 
then boiled on tlie water-bath for half an hour when (if there 
has been no loss of alkyl iodide) the magnesium completely dis- 
solves. 

CH,,I + Mg- = 

The fla.sk i.s now disconnected and whilst it is kept cool in ice- 
water the benzaUlehyde mixed with an equal volume of dry ether 
is dropiied in from a tap-funnel with constant shaking. The 
white solid magnesium compound separates and is left over- 
night. _ 

' ’ ■' + c„l I r,C II O = CaHjC . 

The contcnt.sof the fla.sk arc cooled under the tap whilst water 
and just sufficient hydrochloric acid to dissolve the magnesia 
are added, the acid being cautiously dropped in from a tap- 
funnel The aqueous layer is removed in a separating funnel 
and the ether washed first with sodium bicarbonate solution, 
then with sodium bi.sulj)hite (to remove free iodine) and again 
with sodium bicarbonate. 



C H 


-pHCl-C,H,CH(OH).CH, + Mg(Cl)(l). 
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The ether extract is then dried over potassium carbonate and 
the ether removed by distillation on the water-bath. The 
phienyl methyl carbinol which remains is distilled under reduced 
pressure; b. p. ioo° at 15 mm. ; iio-iiC at 28 mm. ; 118^ at 
40 mm. Yield, 20 grams. 

The same method may be used without modification for pre- 
paring phenyl ethyl carbinol using a corresponding quantity of 
ethyl iodide. See Appendix^ p. 307. 


Preparation 98. 

Benzoyl Chloride, CoH,CO.Cl 

Wohler, A 7 t 7 iaJen, 1832, 3 , 262 ; Cahours, A 7 i 7 ialc 7 t^ 1846, 60 , 
" 55 - 

28 grms. benzoic acid. 

50 „ phosphorous pentachloride. 

A round flask (250 c.c.) is fitted with an air-condenser. The 
phosphorous pentachloride is introduced from the bottle and 
weighed by difference. The operation must be conducted in 
the fume-cupboard. The benzoic acid is then added, and the 
air-condenser attached to the flask.* The action begins almost 
immediately, and clouds of hydrochloric fumes are evolved. 
The whole contents become liquid and consist of benzoyl 
chloride (b. p. 200'^), phosphorous oxychloride (b. p. 107°), and 
unchanged pentachloride. Most of the oxychloride may be 
removed by distilling m vacuo on the water-bath. The re- 
mainder is fractionated at the ordinary pressure and collected at 
190-200°. Yield, 20 —25 grams. 

CoHsCOOH + PCls^CcHsCO.Cl + POClg + HCl. 

Colourless liquid, which fumes in the air and 
possesses a pungent smell ; b. p. 198*5° ; sp. gr. 1*214 at 19°. 

Rcactio 7 is . — I. Add a few drops of benzoyl chloride to i c.c. of 
water ; the benzoyl chloride does not decompose at once, and 
requires warming for some time before it is completely dissolved 
(compare acetyl chloride, p. 74). 

2. Add 2 c.c. ethyl alcohol to i c.c. benzoyl chloride and 
caustic soda solution until alkaline, and warm gently. After a 
time the smell of benzoyl chloride disappears, and ethyl benzoate 
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reiiuilns :is an oily liquitl with a fragrant smell. CyH^COCl-f 
C.j M H I + N a ( ) 1 1 1 f.f ^ -f- NaCl + H.> 0 . Repeat the 

sauu‘ reaction witli phenol and separate the solid phenyl 
benzoate. (Scliotten- liaumann reaction.) 

3. Add 5 grams l)enzoyl chloride to ro grams ammonium 
carbonate in a mortar'^' and grind up well. The reaction pro- 
ceeds quietly. If after ten minutes the smell of benzoyl chloride 
still remains, add a few drops of concentrated ammonia. Add 
cold water and tiller. Benzamide remains on the filter in the 
form of a white crystalline powder, and maybe recrystallised 
from hot water; m. p. i2cS'. CJE^COCl + 2NH4HC03=: 
C,;l I5CC) N 1 1 T N I I.iCl + 2C().^ + 2 1 1.^0. See AppcjidLx\ p. 308. 


Rkkparation 99. 

Ethyl Benzoate (Ethyl Benzoic Ester), C0H-CO.OC2H5 
K. Fischer and S[>eier, AVr., 1895, 28 , 1150 

25 grms. ])cnzoic acid. 

75 n (9C) c.c.) absolute alcohol. 

Pass dry liydrochloric acid gas (seep. 93) through the alcohol, 
cooled in water until it has increased about 3 grams in weight. 
Add tlu! Ixsizoic ac'id and boil the mixture with upright con- 
denser over wii-e-gauze for two hours. On pouring a small 
((Liantity of the product into water, only the ester, which is a 
heavy oil, should separate', but no solid benzoic acid. The 
excess of alcohol is now distilled off on the water-bath and the 
residue }K)ured into water. Any free hydrochloric or benzoic 
acid is nanoved by sliaking with a dilute solution of sodium 
carbonate!. On adding ether and shaking, the ester dissolves in 
the top layer of (‘ther, which is separated and dehydrated over 
calcium chloride. I’he ether is removed on the water-bath, and 
the ethyl benzoate is then distilled over wire -gauze, a few bits of 
porcelain being added to prevent bumping. The distillate is 
collected l)ct\vcen 205'^ and 212''^. Yield, about 22 grams. 

CJT.COO H -1 - 1 KIC.H™ CoI--r,,COOC,H. + PRO. 

Properties. -Colourless, sweet-smelling oil ; b. p. 211° ; sp. gr. 
1*05 at 15“. 

COHKN’S ADV. P. O. C 
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Quantitative Hydrolysis of Ethyl Benzoate. —The 
quantitative estimation of an ester by hydrolysis is conducted as 
follows : a standard half-normal solution of alcoholic potash is 
prepared by dissolving 7 grams of caustic potash in about an 
equal weight of water and diluting to 250 c.c. with absolute 
alcohol. The liquid is allowed to stand overnight in a stoppered 
flask and Altered through asbestos 
into a clean d^y bottle closed with a 
cork through which a 25 c.c. pipette 
is inserted. The solution is Arst 
standardised by titration against half- 
normal sulphuric acid, using phenol- 
phthalein as indicator. About i gram 
of ethyl benzoate is carefully weighed 
by difference by means of the ap- 
paratus shown in Fig. 82. 

A volume corresponding to about 
I gram is delivered into 3. round 
flask (200 c.c.) by attaching a piece of rubber tubing to the wide 
end of the apparatus and blowing until the liquid descends to 
the required graduation on the wide limb. Twenty-Ave c.c. of the 
standard alcoholic potash solution is added, and the mi.Kture 
boiled on the water-bath with reflu.x condenser for twenty 
minutes. 

C0H5COOC2H5+KOH-C0H5COOK + QH5OH. 

The amount of free alkali is estimated by titration with 
standard sulphuric acid and the quantity of ester calculated. 

Example. — 1*355 grams required 15*1 c. c. N/2H2SO.I 

15*1 xo'Kox 100 

- 2X 1-1355 

See Appendix^ p. 308. 

Preparation ioo. 

Acetophenone (Phenylmethylketone, Hypnone), 
CcH5.CO.CH3 , 

Friedel, Crafts, Ann, Chim, Phys,^ 1884, 1 , 507 ; 14 , 455. 

30 grms. benzene. 

50 „ aluminium chloride (anhydrous). 

35 „ acetyl chloride. 



ACETOPHENONE 


2II 


'The \';Li-it)us reactions, known as the Friedel-Crafts reactions, 
arc cdcclccl l)y means of anhydrous aluminium chloride. The 
aluminium chloride, being' very hygroscopic, cannot be kept 
long, even in a stoppered bottle, without undergoing gradual 
decomposition. As the success of the reaction depends entirely 
on the ciuality of the chloride, it should be either freshly pro- 
cured from a reliable firm or resublimed from a retort. It may 
also be prepared on a small scale by passing dry hydrochloric 
acid over heated aluminium foil or filings, but the operation is 
troublesome and scarcely repays the time spent. Attach a 
round flask (500 c.c.) to an upright condenser, and bring into it 
the aluminium chloride, which should be well powdered, and 
immediately cover it with the benzene. Place the flask in ice- 
water, and add the acetyl chloride drop by drop from a tap-funnel, 
which is ]}ushcd into the top of the condenser."^ A vigorous 
effervescence occurs, and hydrochloric acid is evolved. The 
contents of the flask are conveited into a brown, viscid mass, 
which, after standing an hour, is stirred up and shaken into a 
hcjdcer containing ice and water (250 c.c.). The mass decom- 
poses with evolution of heat, and a dark oil separates on the 
surface. 'Fhe liquid is poured into a separating-funnel and a 
little iKinzcue added. The aqueous portion is drawn off, and 
the benzene layer shaken up with dilute caustic soda and then 
with water. 'The benzene solution is finally separated, de- 
hydrated over calcium chloride, filtered, and distilled. The 
benzene first passes over. The thermometer then rises quickly 
to 195"^. 'fhe receiver is now changed, the water run out of the 
condenser, and the distillate, which boils at 195 — 200°, collected 
sci)arately. It forms a pale yellow oil with a characteristic 
sweet smell, and solidifies completely on standing. Yield, 
20 — 25 grams. 

QiHo + CH3COCI = Q5H5.CO.CH3 + HCL 

Colourless plates ; m. p. 20 ^ ; b. p. 202° ; insoluble 

in water. 

1 . Acetophenoneoxime.— Mix together 5 
grams of hydroxylamine hydrochloride dissolved in 10 c.c. of 
water, 8 grams of acetophenone, and 3 grams of caustic soda 
dissolved in a very little water. Add spirit until, on warming, the 
solution becomes clear, and boil it on the water-bath 2— -3 hours. 
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Pour into lOO c.c. water, and extract with ether. Distil oft the 
ether and crystallise the solid residue from petroleum spirit. 

Yield, 8 grams ; m. p. 58—60^ C(jH,vCO.CH;, + NH^OH.HCl-f- 
NaOH - C,5H,C(N0H).CH, + NaCl + 2 H, 0 . 

2. Acetophenonesemicarbazone. — Mix i gram of semi- 
carbazide hydrochloride with i '5 grams of crystallised sodium 
acetate, ancl dissolve in the smallest ciuantity of warm water. 

Add 1 gram of acetophenone and sulficient spirit to produce a 
clear solution when hot. Continue to heat for a few minutes. On 
cooling, the semicarbazone deposits as a yellow, crystalline j 

mass. QjHvCO.CH.. + NH2.NPI.CO.NH..HCI + NaC.Hp. ! 

= CoH.C(N.NH.CON’h.,)CH 3 + NaCl + C.J-PiOo. Theoretical | 

yield ; m. p. f85- — 188^ | 

3. Beckmann’s Reaction.— Dissolve i gram of aceto- j 

phenoneoxime in 30 c.c. anhydrous ether, and add gradually | 

1*5 grams of powdered phosphorus pentachloride. Distil off the 
ether, and add a little water to the residue. On cooling, crystals 

of acetanilide separate. Recrystallise from water, and determine 
the melting point. 

1. CoH..C^NOH).CH 3 + PCh, 

= CoH,.C(NC 1 ).CH 3 + POCI3 + HCL 

2. Q.H,C(NCl)CHo + H .,0 - CcH.NH.CO.CHo + HCL 

4. Benzoylacetone {Claisen s Reaction). — Six grams of dry, 
powdered sodium ethoxide are added to 20 grams of dry ethyl 
acetate, and cooled in water. The sodium ethoxide is prepared 
by dissolving 4 grams of sodium in 40 c.c. absolute alcohol, and . 
distilling off the excess of alcohol, first from the water-bath, and 
then from the metal-bath, in a current of dry hydrogen, the 
temperature of the bath being raised gradually to 200^, until 
nothing more passes over. The white cake is detached rapidly 
powdered, and the requisite quantity quickly weighed out and 
added to the ‘ethyl acetate. After standing a quarter of an 
hour, 10 grams of acetophenone are added, when sodium benzoyl 
acetone begins to separate. A little ether is added, and, after 
standing for a few hours, the sodium compound is filtered and 
washed with ether. The sodium compound is then dried in 
the air, dissolved in cold water, and acidified with acetic acid. 
Benzoylacetone separates out. Yield, 9 — 10 grams ; m.p. 60 — 61°. 



DirilKNVLMKTlIANl^ 


213 

It l)ch.'i\’es towards ferric cliloriclc and copper acetate like ethyl 
acctoacctate (sec Reactions, ]>. 84). 

ONa 

I. Clh.-C: OCJl- + CII..XO.C.H- 

(X'jl, " " 

- Cir;;.(:(()Na):CiI.(:O.C,,ll- 4- 2CJ-I-OH 

CII,.c:(()Na'):CIl.C()C,jIl, + C.H.O., 

- - (:ii,.c:().CIl,.C().C,II, + NaC;H 30 ; 

Sec Appendix, p. 309, 

Rriopara'I'ion I or. 

Dipheny Imethane, c I ] . . c 1 1 o. C, jH - 
Cohen, Hirst, Trans. Chcin. Soc.^ ^^ 95 ? 67 , 826. 

60 ;4rms. benzene*. 

30 „ benzyl chloride. 

I „ aluininiuni-nicrcury couple. 

The benzene is placed in a flask attached to an upright con- 
denser.*^' 'flic aluininiiini-inercury couple is then added. It is 
])reparcd ]>y ])0urin;4 a saturated solution of mercuric chloride 
on to aluniiniuin foil, which is cut into strips or formed into rolls. 
After a])out a minute, the surface of the aluminium is coated 
with a film of metallic mtn-cury. 1'he solution is poured off, the 
foil well wash(*d with water, then witli alcohol, and finally 
with a little benzeiK!. 'Fhis must be done quickly and the 
])ie('cs of cou]>le dropped into the l>enzcnc. The benzyl 
chloride is added slowly from a ta])-funnel inserted through 
the tO}) of the condenser. A brisk effervescence occurs, accom- 
])anied by a consideral)le rise of temj)crature, and fumes of 
hydrochloric acid are evolved. When, in the course of an hour, 
the benzyl cldoride ha.s la^en added, the flask is heated on the 
water-bath for ten to fifletm minutes. The contents of the flask 
are now sliaken uj) with water containing a little caustic soda, 
and the benzene solution separaled in a tap-funnel. The 
aqueous })ortion is again (‘.Ktracted with benzene, and the whole of 
th(i'l)enzene solution is dehydrated over calcium chloride. The 
benzene is then distilled off, and when the thermometer reaches 
too' the distillation is continued in vacuo. At 80 mm. diphenyl- 
methane boils at 174 — 176 ’. I'liis fraction solidifies completely 
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on cooling, and is pure diphenylmethrine ; m. p. 25—26'''. 
Yield, 14 grams. 

C,H,CHX1 + CgH, = C.jIL.CHoC,;!!, + IICl. 

Proj>er//es.—Co\our\QSs needles; m. p. 26 c;';!). p. 262'. 

On boiling with potassium dichromatc and sulphuric acid it is 
oxidised to benzophenone, C^H.-Cl LCdH^ •+• Oo =• COX^iH^ 

T- HoO. See Appendix^ p. j\2. 


Preparation ro2. 

Triphenylmethane, C H ( C,; M 

Friedel, Crafts, Compt rend.^ 1877, 1450 ; K. and O. Fischer, 
A?inalcn^ 1878, 197 , 252 ; Biltz, AYr., 1893, 26 , 1961. 

200 grms. (230 c.c.) benzene. 

40 „ (26 c.c.) chloroform. 

30 „ aluminium chloride. 

The benzene and chloroform are mixed togetlicr <'mcl 
dehydrated over calcium chloride ovcrnigiil before use. 'i.’he 
liquid is then decanted into a retort connected with an u])rigiit 
condenser,'^ and the powdered aluminium chloride added in 
portions of about 5 grams at a time at inlerx-als of five minutes 
and well shaken. On the addition of the chloride the reaefion 
sets in spontaneously, and the liquid begins to boil with evolu- 
tion of hydrochloric acid. The aluminium chloride gT.'idually 
dissolves, forming a dark-brown lic|uid. The reaction is com- 
pleted by boiling for half an hour on the sand-bath. When 
cold, the contents of the retort arc poured into an equal volume 
of cold water, which decomposes the aluminium compound with 
evolution of heat, and the free hydrocarbon dissolves in the 
excess of benzene with a reddish-brown colour. The upper la,)'cr 
of benzene is separated from the aqueous portion, and the former 
dehydrated over calcium chloride. The excess of benzene is 
distilled off on the water-bath, and the dark-coloured residue 
fractionated up to 200'^ It is then distilled in iiactto from a 
retort without condenser. At first an oil distils, which consists 
of impure diphenylmethane. When most of the diphenyl 
compound has passed over, the distillation suddenly slacken^ 
The receiver is now changed, and the retort more strongly^ 
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he:ilecL An orani^n-colourcd oil ])asses over, which crystallises 
in the receiver. 'I'Ik! distillation is continued until the distillate 
noloni^-er solidilleson coolin^c A black, resinous mass remains 
in the retort. 'i'he crude triphenyl methane in the receiver is 
recrystallised from hot l)enzene, with which It form-s^a crystal- 
line c(>m])ouncl of the formula I'his is again 

crystallised. My heating* the substance on the water-bath it 
loses ])enzene, and the hydrocarljon is finally crystallised from 
hot alcohol, ^'ield, 25 30 gniins. 

CllCL + 3C,\\,-^ C\\(C,nr), ^ 

Colourless plates ; m. p. 92" ; i). p. 360C 
Ri'tu'/ions, Synthesis of Pararosaniline.- Dissolve a 
gram of the hydroc^irhon in about 5 <'.c. ('old fuming nitric acid, 
pour into water, lilt<u-, wash, dry on |)orous plate, and dissolve in 
5 c.c. glacial acetic acid. Add a gram of zinc dust on the ]mint 
of a knifer gradually, and shake up. 'riaj colour ('ha,nges to brown, 
and llie leuco-hase of pararosaniline is formed. It is diluted 
with wat(M‘ and precipitated l)y ammonia. It is then liltcred and 
dried. On gently wanning the dry precipitate with a few drops 
of concentrated hydroeldoric acid in a jKmadain basin and then 
diluting with water, a magenta ('olouralion is produced from the 
formation of |)ararosaniline' hydrochloride (E. and O. Fisclier). 
Sec A/i/u'Ji(/i.v, p. 312, 

Pi<Ki>.\K.\'rioN 103. 

Benzaldehyde Green (Malachite Green) 

('relrainethyidiaminotriphenylmeth.ane), 

C. C,H,N(C:ih,b 
" C,.n.,:N(CHD,Cl 

O, l-'ischer, Afuialcfi, i8<S3, 217 , 250, 262. 

50 gnus. diincUiiylanilinc. * 

20 „ l)enza,Id(hy(l(\ 

.|o „ zinc chloride (fused and powdered;. 

A inr.xture of the al)ove is heated on the water-bath in a. 
porcekiin basin until the smell of benzaldehyde has disappeared 
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(4 hours). The viscous mass is melted in boiling water, trans- 
ferred to a round flask (i^ litre) and distilled in steam until no 
more dimethylaniline passes over. On cooling, the base adheres 
to the flask and is washed by decantation. It is recrystallised 
from absolute alcohol and is colourless. The yield is nearly 
theoretical. This is the leuco-base, and is formed according to 
the following equation : 

.CoH4N(CH3)2 

CgH.CHO + 2CgH5N(CH3)o - QH5CH< +H 2 O. 

\QHjN(CH3)3 

It is converted into the colouring matter by oxidation. Ten 
grams of the base are dissolved by slightly warming with dilute 
hydrochloric acid containing exactly 27 grams of hydrogen 
chloride (made by diluting cone, hydrochloric acid with twice its 
volume of water and then determining the specific gravity or 
titrating with standard caustic soda). The liquid is diluted with 
800 c.c. water, and 10 grams of a 40 per cent, acetic acid solution 
added. The mixture is cooled v/ith a few lumps of ice, and a 
thin paste of freshly precipitated lead peroxide containing exactly 
7*5 grams PbOo (estimated by drying a small weighed sample on 
the water-bath) is added in the course of five minutes with 
frequent shaking. The product is left 5 minutes, and then a 
solution of 10 grams sodkim sulphate in 50 c.c. water is run in 
and the solution filtered from lead sulphate. To the filtrate a solu- 
tion of 8 grams zinc chloride in a little water is added, and then a 
saturated solution of common salt until no more of the dye is 
thrown down. It is filtered, and recrystallised by dissolving in 
water and adding salt solution. Yield, 80 per cent, of the theory 
of zinc salt. 

.QH 4 N{CH 3)2 .Cfill, 

CgHsCHC; +0 + HCl= C^Cel-LNfCHOo +H 2 O. 

\c„H,N(CH3). , \C6H4:N(CH3)2C1 

See Appendix, p. 313. 

Naphthalene, C10H3 

Naphthalene is obtained from the “middle oil” in the distil- 
lation of coal-tar. It crystallises in colourless, glistening plates, 
which have a characteristic smell. 

Properties. — M. p. 80^; b. p. 218°; sp. gr. 1*145 at 4°. It 
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sublimes readily, and can be distilled in steam. It is soluble in 
most of the common organic solvents. 

Rmr/iofi . — Make strong solutions of about equivalent quanti- 
ties of naidulialene and ])icric acid in acetic acid, or alcohol, and 
pour them together. On cooling, yellow, needle-shaped crystals 
of naphthalene picrate separate : Ctjt-0(NO.;()jjOH ; m. p. 

149 "- 


l‘RKPAUATION TOg. 

Phthalic Acid, 3 

Fricdlilnder, 'riu'crfarhcuft^hrikafion^ iv, 164. 

15 grins, naphlhalene. 

120 c.c. cone, sulphuric acid. 

7*5 grins, mercuric sulphate. 

The mixture of naphtlialene, sulphuric acid, and mercuric 
siilpliale is pla.(X‘d in a laUort (300 c.c.). The retort is clamped 
with tlui neck slojiing iqjwards, and heated gently over wire- 
gauze with occasional shaking until the liquid surface layer 
of naphthalene dissolves.'^' 'fhe retort is now placed in the 
ordinary ])osition, with the neck sloping down, to which a con- 
denser tube is attacluul l)y means of a roll of asbestos paper, or 
a lute of plaster of Paris. 'Fhe end of the condenser tube is 
provided with a receiver containing water (100 c.c.), and cooled 
in cold water. 

I'he retort is now heated (at first cautiously and then strongly) 
over the bare tbaine, and the contents distilled. The liquid 
ra])idly darkens in colour. At .aVmiit 250'' oxidation begins, with 
evolution of sulphur dioxide, which becomes very vigorous as the 
temperature of the Pujuid rises to the boiling-point. A little 
naphthalene first distils, and after a time crystals of phthalic 
anhydride appear in the condenser tube, whilst phthalic acid 
collects in the receiver. The distillation is continued until the 
residue becomes viscid or even dry. The contents of the 
receiver, when cold, are filtered and washed, and then dissolved 
in caustic soda. Any undissolved n<a])hthalene is removed by 
filtration, and the acid rcprecipatcd by hydrochloric acid. The 
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acid may be rccrystalliscd tVoni ualrr or dilute- ul< ohol, Yield, 
about 7 grams. 

CioH« + 9H..SO.i-C,jI 1.,(C( )< :>n e, l-oSt K, f lol ). 

Pi'operties . — Crystallises in plates witli no deiiuite iiu-llin}^'- 
pointj as the acid passes into llie anliydride on heat iniy Soluble 
in alcohol and in hot water, slightly soluble in i-cdd water. 

Reactions. — Siil^lime a little of the acid in a ti‘:'>t-ti!he or in ^ 
clock g'lass .covered with a lilter papt-r and funnel, {'lithulic 
anhydride sublimes in long needles, in. p. i .nS . 

CO . 

C,iM.,(COOII)o- C,;Ili n ! {!.,{ ). 

CO 

Heat al)out 0*25 gram of the anlisdridt- uiib 0-5 gram of 
resorcinol in a test-lulte over a small llame bu' a bo\ nuniUes, 
so that the temjteratiire remains at about .!■ 'u . t Oof {jissobt; 
in dilute caustic .soda solution, and pour ini{» uaier. .\ gn-en 
fluorescence is product-d, due* to the lormaliou ot lluore.ci-iii 
(p, 187). Sec 314. 

Jh<Ki'Ak.\ri< )N {05. 

/:^-Naphthalenesulpiionate of Sodium, c,j f.st 
M e rz, W' e i t h , lU v , 1870,3, 1 oh. 

50 grins, napiithah-ne. 

60 „ cone, snlplinric a< id. 

The mixture is heated in a round tiask (250 c.t . ^ in the luetal- 
bath to 160—170' for four or live hours. 'rin* tipuid is then 
poured into a basin of water (t litre), which is heated up and 
neutralised with dialk or slaked lime in tin* lorin of a thiik 
cream. The hot liquid is hltenul through < loth, sign-e/cci out, 
and washed with liot water, 'riu^ hit rate* is (‘C.aporaled on i 
ring-burner until a .sample crystalhs(‘s on cooling. The < ry.s« 
tallinc mass of tlu^ calcium 'Sall of uaphthah*n«* sulphnuif ar id 
is filtered and well jiressed. it is redissoK cd in hot water, and 
a solution of sodium earlxanate adth'il, until the < al< inm is 
just precipitated. The liquid is again liltt‘r(*d through < loth, or 
at the pump, washed and well pressetl 'i'he till rate ih evaporated 
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to crystallisation as Ix'fore. Tlie sodium na.])luhalcnc sulphonatc 
is separated l)y tiltration, and dried in a basin on the water-bath. 
'Fhc mother-liquor, on eva,])onition, yiekls a further quantity of 
the salt, ^'i(^ld, about 60 qrancs. 

1. C,„h(,s+ ll,S(),,-Cj,JbS(bn 

2. 2C:,„I l-S( ).J I d-Ca-t ) - (C,ol l7SO..)Xa+ I LO. 

3. (b,oI IrSt );;)Xab Na,,C( ),-2C,,I IrSO.Nad- CaCQ., 
/9-c/'/v*//c.v. - !''oliated crystals; .soluble in water. Sec 

Apjh'miix, j). 315. 


bRi'.p.Xk.x’iaoM 106. 

/:i-Naphthol, C'lolbd.)!! 

I'dh-r, 1869, 152 , 275 ; K. biseber, Anlcifung z, d. 

onj;. 

30 qrins. /bnaphthahaic .sulphonatc of sodium. 

90 „ caustic sod:i. 

3 water. 

'Flu* caustic soda and water arc^ heated in a nickel dr silver 
criici])le, and stirred with a tliermornetca*, protected as described 
und(‘r the preparation of plienol (p. 179). When the tern))eralurc 
reaches 2S0 , the powd(tred napiuhaleiu' sulphonatc is a,dded a 
little at a time. When all has besm addttd, the temperature is 
raised. At about 300" tlu* inas-s froths up and becomes lij^iU 
yellow in c()lour, whic’h indicates the commencement of the 
reaction. 'Fhe temp(u-a,ture is nniintained at ^id^~^2d for a 
few minutes, and tht' entl of the process is indicated by the 
yellow mass hecominj^' thinner and also darker in colour, and 
se{)aratinj4' into two layers. 'I'he stirring is now stopped and 
the flame withdrawn. 'I’he ])roduct, when cold, is dissolved in 
% littU; water, a.nd acidific'd with a mixture of equal volumes of 
(:oncentrat(al liydrochloric acid and water. 

'Fhe naphthol is filtered off when cold, and is recrystalliscd 
from wat(‘r. \'ield, r5gram.s. 

(:j„Il7.S{);jNa -F NaOM Ci,,! I^ClNa bNa llSO.j. 

(Colourless leaflets ; in. p. 122'' ; b. p. 286'. 
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Reactio 7 is . — Add to a solution of the naphthol in water a few 
drops of ferric chloride. A green colouration is produced, and 
after a time a flocculent precipitate of dinaphthol, 

See also Reaction 6, p. 163. 

/S-Naphthyl methyl ether.— Dissolve 3-6grams/3-naphthoI 
in i2’5 c.c. 10 per cent, caustic soda solution, add 3 c.c. methyl 1 
sulphate, warm the liquid gently and shake vigorously. In a | 
short time the naphthyl methyl ether separates as a solid mass. | 
The product is heated for ten minutes on the water-bath, a little j 
water is added, and the naphthyl ether filtered and washed with 
water. It is crystallised from alcohol and deposits in lustrous 
plates ; m. p. 70— -72°. The yield is theoretical. It may be 
used for analysis by ZeiseFs method. 

Zeisel’s Method. — The method consists in estimating 
methoxyl or ethoxyl groups by decomposing the substance with 
strong hydriodic acid and eliminating the alkyl group as alkyl 
iodide. The alkyl iodide is passed through an alcoholic solutifus 
of silver nitrate, which decomposes the alkyl iodide and the 
silver iodide is weighed. 

R.0CH3+HI = R.0H + CH;.I. 

The apparatus devised by W. H. Perkin, senior, is shown in 
Fig. 83 {Pi'oc, Chan. Soc., 1903, 19, 1370). 

It consists of a distilling flask (100 c.c.) with a long neck ; llie 
distance between the bulb and side tube is about 20 cms. (8 ins. . 

It is provided with an inlet tube which terminates above the 
surface of the liquid and is attached at the other end with a 
carbon dioxide Kipp and wash-bottle containing silver nitratt^ 
solution to remove traces of hydrochloric acid or hydrogen sul- 
phide. The side tube of the distilling flask is attached to two 
small 100 c.c. Erlenmeyer flasks, provided with double-bor<:‘(l 
rubber corks. The first bent tube which is attached to the side 
tube of the distilling flask is cut off below the cork, the second 
terminates just above the surface of the liquid in the first flask 
and dips below the liquid in the second. The third or outlet 
tube is bent at right angles and is cut off below the cork. 

Thedistillingflaskisheated in a basin containing glycerol. Tlie 
first Erlenmeyer flask is charged with 20 c.c. alcoholic silvtw 
nitrate, aqd the second with 15 c.c. of the same solution which 
is prepared by dissolving 2 grams of fused silver nitrate in 5 
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^-.c. uateraiul atliliiv^ 4; ('.c. alisolulc akiohol. An ataairately 
iiLiantily (o'j o‘6 ‘4 i-ani ) of .substance is introdiic'ecl in a 
j^inall weigiiing tube into the distilling; tiask and 15 c.c:. of strong 
I'lyclrioclic acid (acid of sp, 41*. 17 for Zeisefs estimations can be 
purchased). When tlie apparatus has been carefully fixed 
l;ogether the glycerol bath is heated to 130 — 140' and a slow 
current of ca.i-bon dioxide (two bubbles a second) is passed 
through the a])paralus. 'fhe teinj)eraturc of the glycerol bath 
is slowly raised until the liydriodic acid begins to boil gently. A 
^vhitc deposit (a compound of silver iodide and nitrate) begins to 



steaSas* 
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L 
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form on the surface of thc‘ first flask and gradually settles to 
tlie bottom, but usually only a tnice ajijiears in the sec'ond vessel. 
I'lie operation is generally completed in one hour; Imt before 
stopping the |)rocess it is advisable to test the vapour passing 
through by removing the flasks and attaching the small lient 
U-tube (shown in the Fig. and containing a little alcoliolic silver 
nitrate solution) to the end of the side tube. If in the course of 
ten minutes no turl^idity apiiears, the operation may be con- 
sidered at an end, fithenvise it is necessary to connect up the 
flask and continue the beating for another twenty minutes. 

About 50 c.c. of water are heated to boiling in a ].)eaker (250 


222 


PRACTICAL ORGANIC CHEMISTRY 




c.c.) and the contents of both flasks gradually added and w'ell 
washed out with hot water. The white precipitate changes to t 1 ie 
yellow iodide and the alcohol is driven off. 

When the top liquid is no longer opalescent but clear, the 
precipitate is collected in a Gooch crucible and dried and 
weighed as described on p. 26. 

For volatile substances like anisole this method cannot be em- 
ployed. 

Extvnple, — 0*3150 gram naphthyl ether gave 0*468 gram Agl : 
31x0*468x100 
■235x^3150 

Calculated for CioH-OCH-pCHsO = 19.6 per cent. 

fi-Naphthyl Acetate.— Boil gently 5 grams / 3 -naphthol and 
10 grams acetic anhydride for hour with air condenser and 
pour the product into water. Crystallise from dilute alcohol ; 
m. p. 70^. 

A. G*. Perkin’s Acetyl method. {P7-0C. Chem, Soc., 1904, 
20 , 1 71). The method consists in hydrolysing the acetyl 
derivative in presence of alcohol and distilling off the ethyl 
acetate and then estimating the quantity by hydrolysis. 

R.O.COCH<j+C2K,OH=:R.OH-t-CH3.COOC2Hr,. 

The apparatus is shown in Fig. 84. It consists of a small 
distilling flask (200 c.c.) with bent side-tube which is fitted to n 



long condenser A tap-funnel is inserted into the neck and the 
flask is heated over wire-gauze. About 0*5 gram of naphthyl 
acetate is accurately weighed out of a small sample tube by 


1 
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ditlerencc and any dust adhering to the neck of the dask washed 
down with 5 <’.c. i)ure cone, sulphuric acid and 30 c.c. 
pure ah'olu)!, which are slowly run in with shaking. A small 
fragment of porous pot is also added. lAventy c.c. half-normal 
alcoholic potash (see 210) are introduced into the round tlask 
(200 c.c.) which serves as receiver and 20 c.c. pure alcohol are 
poured into the tap-funnel. I'lie li([uid in the flask is slowly distilled 
whilst the alcohol is delivered drop by drop from the tap-funnel 
at about the same rate as the liquid distils. The distillation is 
continued until about halt the bulk of liquid originally present 
in the flask remains, 'fhis residue should be quite colourless. 
The receiver is now attached to a reflux condenser and boiled 
on the water-bath for hour and Anally titrated with half-normal 
sulphuric acid, using phenolphthalein as indicator. 

The method does not give good results with acetamido- 
compounds like acetanilide, d:c. 

Kxdfiipic.- o’ 663 gram naphthyl acetate required 7’5 c.c. 

N/2 kom. 


7 '5 X 0*043 ^ 

2 X 0-633 

Calculated for C,(,i l^.O.COCH.. ; 


-23-6 per cent. 

; C.jl IjjO — 23-1 per cent. 


Tschugaeff’s Hydroxyl Method.— This method rests 
upon the action of liydroxyl compounds on magnesium methyl 
iodide by which metliane is evolved. 

R.oir + MkTI'"'' 


The apparatus is an ordinary T.unge nitrometer filled with 
mercury, whicli together with the attached Ph'lenmeyer flask 
is ke|)t at constant temperature by a flow of water through 
an outer jacket. The three-way cock is connected with the 
Erlenmeycr flask (150 c.c.) by stout rubber tubing. A stock 
solution of magnesium methyl iodide is first prepared by 
mixing together in a flask connected with a reflux con- 
denser 100 grams amyl ether distilled over sodium, 9*6 
grams clean magnesium ribbon and 35*5 grams dry methyl iodide 
and a few iodine crystals. After the first reaction is over the rni.x- 
turc is heated for 1—2 hours on the water-bath witli condenser to 
expel unchanged methyl iodide, and preserved in a vaselined 
stoppered vessel. About o’l — o' r 5 gram /:i-napUthol is accurately 
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weighed in a tube which is of such a length that it rests against 
the side of the nitrometer flask. About lo c.c. of the reagent are 
poured into the flask ; the tube containing the substance, which is 
dissolved in a little amyl ether, is slipped in ; the flask is attached 
to the side tube of the nitrometer and is then cut off from the 
nitrometer tube by turning the tap. A little moisture and 
oxygen in the flask are absorbed by the reagent and the pressure 
falls. After standing for J hour the nitrometer tube is nearly filled 
up with mercury, the tap is withdrawn for a moment to readjust 
pressure and the tube then completely filled with mercury. The 
tap is now turned so as to establish communication between the 
flask and nitrometer tube and the mercury reservoir lowered. 
The tube containing the solution of the naphthol is inverted 
and shaken. Evolution of methane rapidly occurs and in a 
short time the volume remains constant. The volume, tempera- 
ture and pressure are read off and the percentage of hydroxyl 
calculated. 

Example. — o*i2o gram ^-naphthol gave 20 c.c. methane at 

N.T.P, 

20 X 17 X too 

2240 X 0'120 

Calculated for C10H7OH ; OH = irS per cent. 

(Tschugaeff, 1902, 35 , 3912 ; Hibbert and Sudborough, 
Pj^oc. Chon. Soc.y 1903, 19 , 285 ; Zerewitinoff, 1907, 40 , 
2023.) AppC 7 idix^ 

Preparation 107. 

OK 

TVT 1 TT n SO,Kf^N^\NO.> 

Naphthol Yellow, M | | - 

NOo 

Friedlander, Thce 7 'farhe 7 ifahrikaUon, I, 322, II., 215 ; Cain 
and Thorpe, The Synthetic Dyestuffs^ p. 226. 

20 grms. a-naphthol. 

80 „ (45 c.c.) cone, sulphuric acid. 

40 „ (30 c.c.) cone, nitric acid (sp. gr. 1*4). 

The mixture of a-naphthol and sulphuric acid is heated for 
2 hours to i2o‘" and then dissolved in 120 c.c. water. The solu- 
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tion is cooled to 20° and stirred mechanically whilst the nitric 
acid is run in drop by drop. As the temperature should not 
rise above 40" it will be found necessary at the beginning to 
cool the vessel in a freezing mixture. After the nitric acid has 
been added the stirring is continued for another I hour and the 
product is then left overnight. The naphthol yellow crystallises 
out and is filtered and washed with small quantities of a cold, 
saturated solution of salt. The precipitate is then dissolved in a 
large basin of hot water and potassium carbonate solution added 
until the liquid gives an alkaline reaction. On cooling, the 
potassium salt separates in small orange needles, and is filtered 
and dried on a porous plate. Yield, 20—25 grams. 


Ci,H,OH + 3 H,,S 04 = CioH4(OH)(S03H)3. 

CioH 4(OH)(SO.,H)3 -h 2HN03== CioH4(OH)(NO.O.,S03H 

•+2H0SO4. 


■2C,,H,(0H)(N(X),S0,H + K,C03 - 2CioH,(OH)(NO.).,S03K 

+ CO2 + H2O. 


Sec Appendix^ p. 315. 


Preparation 108. 

Anthraquinone, C(.H4 <^^q^C6H4 

Graebc, Liebermann, Annaleii^ SpL^ 1869, 7 , 284. 

10 grins, anthracene (pure). 

120 c.c. glacial acetic acid. 

20 grins, chromium trioxide dissolved in 15 c.c. water, and 
then 75 c.c. glacial acetic acid added. 

The anthracene is dissolved in the acetic acid by boiling them 
together in a round flask litre) with upright condenser over 
wire-gauze. The solution of chromium trioxide is then dropped 
in from a tap-funnel pushed into the top end of the condenser 
whilst the liquid is kept boiling. The operation should last about 
an hour. The solution becomes a deep green. It is allowed to 
cool and poured into water (500 c.c.), which precipitates the 
anthraquinone in the form of a brown powder. After standing an 
hour, it is filtered through a large fluted filter, washed with a little 
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hot water, then with- warm dilute caustic soda and water again. 
Yield, lo — 12 grams. 

Sublimation. — A portion of the dry substance may be 
purified by sublimation. It is placed (2—3 grams) on a large 
watch-glass, which is heated on the sand-bath over a very small 
fiame. The watch-glass is covered with a sheet of filter paper, 
which is kept flat by a funnel placed alcove. After five minutes 
or so pale yellow, needle-shaped crystals of anthraquinone will 
have sublimed on to the filter paper. 

.CH. /CO. 

CcH,;; I >C,H,-l- 2 Cr 0 ,+ 6 C,H, 0 ,=:C,H,<' >C,H,+ 

H,0,-PCr,(CJI.,0.>),5. 

Properties . — Yellow needles: m. p. 277 ; sublimes at 250 ; 
b. p. 382' ; insoluble in water, soluble in acetic acid, less soIuIjIc* 
in benzene and other organic solvents. 

Reaction . — Add a little dilute t:austic soda to a small tpiantity 
of anthraquinone, and then a little zinc dust. On heating lo 
boiling, an intense red colouration is produced, wliidi disap}}ears 

on shaking. Sodium oxanthranolatc, 

formed, which oxidises in the air to anthraquinone. See*' 
AppenPiXj p. 316. 

Preparation J09. 

Anthraquinone /:^-monosulphonate of Sodium, 

Graebe, Liebermann, A/maten, 1871, 160 , 131 ; A. (L Perkin, 
Private communication. 

30 grms. anthraquinone. 

30 „ fuming sulphuric acid (40 per cent. SO..). ^ 

The 40 per cent, fuming sulphuric acid is removed from tlu* 
bottle by cautiously melting it in a sand-bath, and it is tluui 
weighed out in a flask (J litre). The anthraquinone is added, 
and the flask attached by a cork to an air-condenser. T’hi? 

1 As fuming sulphuric acid is diflicult to keep in an ordinary stoppered huttlf 
without absorbing moisture, it is advisable to coat the stopper with a layer mI' 
parathn wax, and a substantial covering of plaster of I’aris above this. 
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mixture is heated in a paraffin or metal-bath to 150— 160° for 
8 hours. The dark coloured mass is poured '^cuhilst hot into a 
large basin containing about a litre of cold water, and boiled 
for an hour. The unattacked anthraquihone, which does not 
dissolve, is removed by fdtration at the pump. The precipitate 
is then replaced in the basin and boiled up again with about 
^ litre of water, filtered and finally washed once or twice with 
boiling water. The combined filtrate and washings, which haye 
a deep brown colour, are evaporated with the addition of 0*2 gram 
of potassium chlorate until about -i- litre of liquid remains. It 
is now nearly neutralised with sodium carbonate solution (about 
I 20 grains soda crystals) but not completely, as the sodium ^alt 
of the monosulphonic acid is less soluble in presence of acid. 
It is therefore convenient to pour out half a test-tube of the 
acid licjuid, and proceed to neutralise the remainder. The small 
cjuantity of acid liquid is then replaced. The liquid is evapo- 
rated on the water-batli until a scum covers the surface, and it 
is then left to cool. The sodium salt of the sulphonic acid 
crystallises in p<ale yellow, silky crystals, and is separated at the 
])ump. After being washed three or four times with a very little 
slightly acid water, it is dried on a porous plate. Yield, 20 — 25 
■f . grains. A further quantity of the salt may be obtained by 
evaporating the mother- liquor, but it is liable to contain sodium 
sulphate. 

II.,SO.i- CHH7O..SO3H -f H.O. 

Properties . — The sodium salt of the sulphonic acid crystal- 
lises, when pure, in colourless leaflets, slightly soluble in cold 
water, insoluble in alcohol. 

Preparation no. 

Alizarin, 

Gracbe, Licbermann, 1869, 300; Perkin, 

Patent, 1869, No. 194S ; A. G. Perkin. Private communi- 
cation. 

20 gnus. anthrac[uinone monosulphonate of sodium. 

90 „ caustic soda. 

5 ,, potassium chlorate. 

Q 2 
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The caustic soda is dissolved in about half* its t of water, 

and is added hot to the anthraquinone sulpbonato sodium, 

previously mixed into a paste with the potassii-^^"*"^ _ chlorate 
dissolved in about 50 c.c. of water. The I'^aixture, wlaioli forms 
a stiff paste, is transferred at once to a small metal j:>i'ps‘sure tube 
of steel or phosphor-bronze of the shape an cl climeiasi shown 

in Fig. 85.^ Xhe fills it 

about two-tl^"i i I'cls full- j\ sheet 

of asbestos Lc^rclboai' cl its inserted 

\ II . 1 between tho body rtiicl the top 

^ II : I of the vessel, and tbc; laactal top 

I II j J is then screwed fir ualy on. 'I he 

I pressure tube is heated Tor three 

hours in a parafhia 01* oil-ljath, 
SO that the therin cnia cter in- 
The thickness of the metal is i cm. Sei'ted illtO tluc iniiei" tClVje, whicll 
Fig. 85. contains a little regis- 

ters 190 — aoo'^. The cliti-k \-iolet 
coloured mass, after cooling, is scraped oat and di^'ojstcd with 
boiling water for an hour. Milk of lime is added i.intil the 
violet calcium alizarate is all precipitated. This caia l:>c asc'er- 
tained in a small filtered sample by adding a. little 1:1a i He of lime, 
when no violet precipitate should be formed. The prooi pitate is 
filtered at the pump and washed with boiling* watei* eintii tlie 
filtrate is no longer red. The red filtrate coiatains a little inono- 
hydrox^^anthraquinone, which may be precipitated 1>V hydro- 
chloric acid. The calcium alizarate 01a the filtor i.s sus- 
pended in a large quantity of hot water, and decom ] >osed by 
adding hydrochloric acid. The alizarin, which separrttes as an 
orange, flocculent precipitate, is filtered cold, washed, nloout eight 
times with cold water, and finally dried and crystall i ssed from 
alcohol or preferably cumene. Yield, 10 — i 5 g-rams. 

3CHH-0,S03Na4-9NaOH4-2KC103==3Ci4HoO:i(0 ISra),>4- 

3Na2 b “f - 2 Is*.- Cb 1 —f-dlloCX 

Pf'opcrties, Orange needles; m. p. 28*9 290^ ; 3u]:>limcs 

completely at 140^ without decomposition ; soluble in alkalis 
with a deep purple colour (sodium alizarate). . It is i-ocluced to 
anthracene on heating with dry zinc dust. 

1 The apparatus was made for us by West’s Gas ImproveiTient Co. , IVI ilos Platting, 
Manchester. 
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Rcactio}h — Make a small quantity of solution of alizarin in 
caustic soda, and pour into a beaker containing a strong solution 
ot alum. 'I'he insolulile aluminium alizarate is precipitated as a 
red lake. See Appendix^ p. 316. 

Preparation hi. 

.CO. 

Isatin from Indigo, Q;H/ ^C(OH) 

\n 

Erdmann J. pmikf, CJicm.^ 1841, 24 , ii; \\.\\q>^^ JalweslK 
1865, 580. 

100 grins, indigo (in fine powder). 

50C.C. cone, nitric acid diluted with 10 c.c. water. 

Mix up the indigo into a paste with 300 c.c. of boiling water 
ill a large basin. Heat to boiling and remove the flame. Then 
add the nitric acid to the hot liquid from a tap-funnel at the rate 
of a drop or two a second, so that it is all added in the course 
of twenty minutes, and stir well all the time. The mass, which 
is at first pasty, froths up, and towards the end becomes thinner, 
boil up for about two minutes, as soon as the acid has all been 
added, and then pour out about half the liquid into a second 
large basin and add a litre of boiling water to each. l^oil up 
for five minutes, and decant from the floating lumps of tarry 
matter through a large fluted filter paper previously moistened 
witli water. Add another litre ofhot water to each basin, boil up, 
and filter. Evaporate the combined red coloured filtrates to 
about I litre, and filter again, if necessary, from a further deposit 
of tar. On cooling, a quantity of red crystals discoloured with 
tar will separate. Filter and concentrate the filtrate. Re- 
dissolve the crystals in the smallest ctuantity of boiling water, 
and let the liquid cool somewhat, so that some of the tarry 
matter may separate ; filter and evaporate the filtrate, until 
crystals of isatin nearly cover the surface ; then cool and filter 
off the red crystalline deposit. A further quantity of crystals 
may be obtained by evaporating the mother-liquors, which 
must be frequently filtered from tarry deposit. The crystals 
obtained in this way may be purified by dissolving them in 
caustic potash solution, and adding concentrated hydrochloric 
acid to the clear licjuid so long as a black precipitate is 



230 


PRACTICAL ORGANIC CHEMISTRY 


formed. The liquid is then filtered, and the purified i satin 
completely thrown down in the filtrate with more acid. The 
substance is then filtered and recrystallised from water. Vielcl, 
about lo grams. 

CifiH + Oo = 2 CgH^^N Oo. 

Properties. — Red monoclinic prisms; m. p. 201'’; solu'ble in 
hot water and alcohol. 

React 1071 . — Dissolv'C a few crystals in concentrated 
acid in the cold and shake up with a little coal-tar benzeno. A 
blue colour due to thiophene is produced. See Appendix^ p- 31^- 


Preparation 112. 


Quinoline, 


CH CH 


CH N 


Skraup,d/(o;7^rA'//., i 83 o, 1 , 316 ; 18S1, 2. 141 ; Konigs, Bex,^ 1 8Sc>, 
13 , Qii. 

24 grms. nitrobenzene. 

58 „ aniline. 

120 „ glycerol. 

100 „ cone, sulphuric acid. 

A large round flask (i-i- — 2 litres) is attached to an upright 
condenser. The mixture of nitrobenzene, aniline, glycerol, rind 
sulphuric acid is poured in and heated on the sand-batli until 
the reaction sets in (ten to fifteen minutes), i.e. until white vn.}30in*.s 
rise from the liquid. The flask is now raised from the srind- 
bath or the burner extinguished, and when the first reaction is 
over the contents are gently boiled for two to three hours. M'hc' 
dark coloured product is diluted with water, and unclrnnjg'ed 
nitrobenzene driven over with steam. The residue is in rich* 
strongly alkaline with caustic soda, and the oily layer (quinoliiK^ 
and aniline) distilled off with steam. In order to removes llu‘ 
aniline present, the distillate is acidified with sulphuric acid, and 
sodium- nitrite added, until a sample of the liquid ceases to 
give the aniline reaction with sodium hypochlorite. It is then 
boiledr whereby the aniline is converted into phenoL The 
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liquid is Mn;ain made alkaline with caustic soda, and submitted 
to a third distillation with steam. The distillate is extracted 
with ether, dehydrated over solid caustic potash, and, after 
derantino- and driving- off the ether, the residue is distilled. 
Yield, 40 grains of a pale yellow oil. 

C„ 1 1,N H. 4- C,1 1 .^(O H);. + O = CoH.N +4H2O. 

Properties . — Colourless liquid; b., p. 237"^ ; sp. gr. I’loS at 
o ; insolui^le in water ; soluble in alcohol and ether. 

Peeie/ions . — i. Dissolve a few drops of quinoline in a little 
hydrochloric acid and add platinic chloride. Orange crystals of 
the chloroplatinatc arc deposited (C.)H7N)2hLPlCl(. + H.>0. 

2. Add to a solution of quinoline in acid, potassium cliromate 
solution ; the dic'hromatc, (CjJl-NQ.^HXr^O., is precipitated. 

3. Add to I cc. of quinoline i c.c. of methyl iodide and 
warm. A reaction sets in, and on cooling, the quaternary 
anunoniuni iodide, C,,! QN.CMol, crystallises in yellow crystals. 

4. 'ho a, few dro|)s of quinoline add a solution of bromine in 
chloi-oform. A crystalline compound, CjJ-IyN.Bro, is formed. 
S(^e Appe?i(/L\\ p. 318. 

Prepat A riON T13. 

Qninine Sulphate from Cinchona Bark, 

CL, I h,.,N.p.,.S0,H,, + 8H,0 

Pelletier, Caventou, Ajm. Chlm. 1820, (2), 15, 291. 

100 grms. cinchona bark (ground in a coffee mill). 

20 „ quicklime. 

Slake the quicklime, and mix it into a thin cream with 200 c.c. 
wat(u-. Pour the lic[uid into a basin containing the powdered 
bark and stir up the mass well. Dry the mixture thoroughly 
on the water-bath, taking care to powder up the lumps that 
ball together. When cold place the powder in a flask, pour 
over it 200 c.c. chloroform, and let the mixture stand over- 
night. Kilter through a porcelain funnel and wash with a 
furthei’ 200 c.c. chloroform. The chloroform solution, which 
has now a faint yellow colour, is shaken up well with 50 c.c. 
and again with 25 c.c. dilute sulphuric acid, and then with water 
until the aqueous solution has no longer a blue fluorescence. 
'Phe combined acid and aqueous extracts are carefully neutralised 
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with ammonia and the liquid concentrated on the water-l)ath 
until crystals of quinine sulphate bei^in to form on the surface*. 
The liquid is allowed to cool and filtered. A further (|iiantit\' of 
crystals may be obtained from the mother-liquor by evaporation, 
but the product is not so pure. The crystals ai'c jiurilied l>y 
recrystallisation from water. Yield, i to 2 prams, or more, 
according to the quality of the bark. 

P 7 'operf/es. — The free base, which is precipitated with sodium 
carbonate from a solution of its salts, crystallises with 
The anhydrous base melts at 277'^ ; soluble in alcohol and (‘tlicr. 

Rcac/io??s. — Use a solution of the hydrochloride ])rei)arecl by 
adding* a few drops of hydrochloric acid to the sulphate iviixetl 
with water. 

1. Add to a little of the solution a few drops of iodine solu- 
tion ; a brown amorphous preci])itate is formed. 'Phis reaction 
is given by many of the alkaloids. 

2. Add chlorine water and then ammonia in excess. An 
emerald green colouration is ]:)roduced. 

3. Add sodium carbonate solution and then shake with etlu r. 
The free base is precipitated and dissolves in the ether. I)(*canl 
the ether on to a watch-glass and let it evaporate. Cr>’stals of 
the base remain. 

4. Dissolve in a few drops of acetic acid and add a larpt* 
volume of water. A blue fluorescent liquid is obtained. S<*(‘ 
Appe 7 idLv^ p. 3 [ 9. 

Prkp.vration 1 14. 

/N 

Diazobenzolimide, Q.H-N" 1; 

N 

Phenylmethyltriazole carboxylic Acid, 

N / C.CIL 

N A.COOH ' 

Dimroth, /?rr., 1902, 35 , 1,029. 

30 grms. phenylhydrazine. 

45 c.c, cone, hydrochloric acid (in 400 c.c. water). 

24 grms. sodium nitrite (in 50 c.c. water). 


IMIKN\'i.MKril\’i.TRrAZ()LE CARBOXYLIC ACID 2:13 


The phein'lliydrazine and hydrochloric acid are mixed 
toi^ether, stirred meclianically and cooled with a few lumps of 
ice whilst the nitrite solution is added, until the test with starch- 
iodide i)aper shows that an excess is present. The hydro- 
chloride dissolves, and diazobenzol imide separates out as an 
oil. 

/N 

C,n,Nn.NH,+ HNO.~C«II,N< II -I-2I-LO 

Part of the water is removed by a syphon and the oil is 
extrac'ted with ether ; after removing- the ether, the diazobenzol- 
imide is lairilied 1)y distillation in steam. It is again extracted 
and sei)ara.ted with ether as l)efore. Yield, about 25 grams. 

4 grins, sodium. 

6<S c.c. al)solutc alcoliol. 

22 grins, acetoacetic ester. 

20 „ diazobenzolimide. 

'Fhe sodium is dissolved in the alcohol, and to the cold solu- 
tion a mixture of the acetoacetic ester and diazobenzolimide 
is added, and then warmed to boiling with reflux condenser. 
As soon as tliis occurs, tlie tla.sk is removed and cooled, if the 
action b(!comes too violent. After the reaction is over, the 
mixture is heated for an hour on the water-bath wdth reflux con- 
dens(‘r, when the ('ontents of the flask become almost solid. The 
mass is dissoh ed in the smallest quantity of hot water, and the 
litfuid, if mniiral, made strongly alkaline and boiled again for an 
hour. About 350 c.c, hot water are added, and sufficient hydro- 
chloric acid to precipitate the triazolc carboxylic acid. It is 
tillered and washed with a little water, and is then nearly pure ; 
m. |). 155 Yield, about 27 grams. 



N.CJ-I, 

N cch..+2C.,h,.oh. 
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M— C.COONa 


Se(; Appcndi.x, ]:>. 320. 


APPENDIX 

NOTES ON THE r’EEI'ARATIONS 


PkKPARATION I. 

Ethyl Potassium Sulphate.- '['ho. romlVmaiion heiwtM'n 
alcohol and sulphuric acid is not complete, a ('ondillon of 
ec[uilil)rium beinj^* reached before eitlier constituent is <-oni- 
pletely con\'ertcd. The reaction is known as a rt'iu'rsiiilr one 
and may lie rcj)rescnted thus : 

cdi.pii -1- 1 i.,so,j ::z: an,! iso., -p \\j\ 

which im])lies that the alkyl sulphates reads with waKu*, re 
g-eneratinj;' alcohol and sulphuric acid. 'The fvoo alkyl arid 
sulphates are, as a rule, viscid li([iiids, whic^h cannot be <li'. 
tilled without yielding- the olefine. On boiling w'ith water, 
the alcohol is regenerated. The salts are used for pr(‘parinrt 
various alkyl derivatives, such as merca|)tans, tbio-etli(us and 
cyanides. 

Pahy] iiuN-oaptaii. 

V' ok”"--’ + -I 2 K,.S()., 

S( ‘JOlIr, K,,S()| 

Kiliyl cyaaido. 

Compare the action of sulj)huric acid on plieno! fsee Tia-p. 
74, P- '77)- 

PkEPARA'rtON 2. 

Ethyl Bromide.-— The replacement of tlie hydrogen 1>\ 
halogen (Cl, I->r) may be effected by the direct action of the 
halogen on the paraffin. 

CVIIu + Cl,. CoIlsCl -f ItCl. 
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A simpler method is to replace the alcohol hydroxyl by halo- 
gen by the action of hydracid (HCl, HBr, HI), 

CJI/JII + HCl = CoII,Cl + H,0. 

Or l:)y that of the phosphorus compound (PCh, PBr^, PI3), 
SCoIli-PlT I- PCL = 3CJI,,C1 -h P(0II)3. 

The preparation of ethyl bromide may be taken as an ex- 
ample of the first method, in which the hydracid is liberated by 
the reaction, 

KBr -!- IIoSO, == HBr + KIISO4. 

A further example is that of isopropyl iodide: see Prep. 31, 
p. no, in which the hydriodic acid is obtained by the action of 
water on phosphorus iodide, 

PL. + slip = 3111 4- r(OHh 

The action of HCl is much more sluggish than that of HBr 
or HI, and in the preparation of ethyl chloride a dehydrating 
agent (ZnCl.j) is usually added to the alcohol, which is kept 
boiling' whilst the HCl gas is passed in. In the case of poly- 
hyclric alcohols, all the hydroxyl groups cannot be replaced by 
Cl by the action of HCl. Cdycol gives ethylene chlorhydrin and 
glycerol yields the dichlorhydrin (see Prep. 32, p. 1 1 1). The use 
of PBr.,, PI3 docs not necessitate the previous preparation of 
these substances. Amorphous phosphorus is mixed with the 
alcohol, and bromine or iodine added as in the preparation of 
methyl iodide (see Prep. 6, p. 68). PCI5 or PCI3 will always 
replace OH by chlorine in all hydroxy-compounds, including 
phenols, on which HCl docs not act. 

The alkyl halides are utilised in a variety of reactions, 
examples of which are given, ethyl iodide being taken as the 
type. 

1. Aqitcmts potash or water with metallic oxide (AgoO, PbO) 
yields the alcohol (see Prep. 87, p. 195), 

CoH,I + KOII = C,H,OH + KI. 

2. Alcoholic potash gives an olefine, 

CoH,I + KOII = CoHi + 

3. Sodium alcoholate gives an ether, 

C,II,I + NaOCalln = CoHaOCJI., + NaL 
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4. Alcoholic jiinmonia forms a mixture of primary, secoialary 
and tertiary amines, 

C.dr,I I- Nil. - Chll^NIIo 1 III 
2CJIr.I 1 - Nil.. (Cdl.doNil 1 2IH 
3 CoIL.[ 1- Nil.; - Cjl.,):; N I 3III. 

The tertiary aminc.s unite with the alkyl ioditle to form the 
quaternary ammonium iodide, which is produced at the same 
time as the other products. 

(cvn,).;N p cjrj (cvii,).iNl 

5. Potassium cyanide forms alkyl cyanide, 

C.n.,I + KCN C,U,CN I- KL 

6. Potassium hydrosulphide gives the mercaptan, 

c,iir,i I- Ksir c,n.,sir -i- ki. 

7. Potassium sulidiide forms the thio-ethcr, 

2 CJI,I - 1 - IwS - (C>IL.).,S ! 2KI 

8. Silver nitrite gives the nitro-paraffin, 

Cdl,r I- Ai'NhL": CdIr.N(X, -}- Agl. 

9. Silver salts of organic or inorganic acids yield the alkyl 
esters, 

2 C,n.,I i-Ag.,SO.i rrr (CJ I,)..SO, -I- 2A1VI. 

cjy ciiaXXjoAgrr: cii;tA:u()Cin.v + Agi. 

Preparation 3. 

Ethyl Ether. — This reaction is of a general character. L\' 
using a different alcohol in the reservoir from that in tint llask, 
a mixed ether may be obtained. Thus, ethyl alcohol and amy l 
alcohol mtiy be combined to form ethyl amyl ether, 

cji.,oii + ILSO.I = c,n.,so,dr 1- H.o. 

Cdr,iiso, -h c,nuOii -:CJhoc:,irn -1- 

That the sulphuric acid acts in the above manner and not 
merely as a dehydrating agent appears not only from the 
formation of mixed ethers, but also from tlie fact that tin; 
sulphuric acid may be replaced by phosphoric, arsenic and 
benzene sulphonic acids. 
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The ctliers are also formed by the action of sodium alcoliolatc 
on the alkyl iodide (Williamson), 

1 C,IIJ =--- C,H,.(.).CdI, -I Nal, 
and by this method mixed ethers may also be ])rcpared. 

'I'he inertness of the ethers arises ])robably from the fact 
that the wliole of the hydny^'cn ])rescnt is united to carbon. 
Note the action of sodium and PCI- on alcohol and on ether. 
'Phe ethers are not decomposed with PClr, except on lieating', 
when they ^iv'c the alkyl chlorides, 

I- I’Cl., 2 C.h,ci -1- pocL 
Hydracids, especially III, have a similar action — 

I- 2lII ^ 2C.IIJ -I- 11 , 0 . 

1 lot, strong,; sulphuric acid breaks up ether into ethyl sulphuric 
acid and water, 

(ColI;,y ) I 2ll.,S(), 2Col I,,. .SO., I 1. -| 11,0. 

(k)mpare the action of caustic alkalis on ethers, esters and 


anliydritlt's. 


.(oil, x:,ii, 

A'o.cir,, 

0 0 

() 


''^co.cii., 

Diclliy! ether. Ethyl acetate. 

.'\cetic aiihyclt itlc. 

PKKI'.AK.Vl’lON 4. 



Ethylene Bromide. “The formation of olefines l:)y tlie 
action of ('onc. H.jSO., and other dehydratiiv^ aj^^ents on tlie 
alcohols is a very general reaction. Amonx the hij.;hcr alcohols 
the action of heat alone suffices; cetyl alcohol, Cj,;lh;,(), ^h-es 
cetylene, on heatinj^'. The olefines are also obtained by 

the action of alcoholic pota.sh on the alkyl bromides and 
iodides, 

(All, Ik A K(J 1 I car., -f KIk - 1 - 11 , 0 , 
and l)y the electrolysis of the dibasic salts ; potassium succinate 
Aives etlivlene, 

C, If, (COOK)., Cblfi -I' 200, -h K,,( 1 I,). 

I'he olefines coinliine with : 

(i) Hydrogen in presence of])latinuin black, or finely divided 
nickel (see Prep. 78, p. 181). 

Clio : Oil, 'I- llo-CIIa-ClI,. 

Ellivknu. Ethane. 
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(2) The hydracicis (HCl, HBr, HI), in which case the halogen 
attaches itself to the carbon with the least number of hydrogen 
atoms, 

CII;5.Cn:CIL + III Clhj.CHLCH,. 

PropyliMic. Isopopyl iod’dc. 

(3) The halogens (Cl, Br, I), 

CILrCIL -h CL = Cl loCl.ClLCl. 

Ktliylcnt:. Kthylcnc chloride. 

(4) Cone, sulphuric acid, 

/Oil /OCIL-Cri, 

Clio : CHo + O..S< - OoS<; 

^011 “ ^01 1 

Ethyl hydrogen sulphate. 

(.5) Hypochlorous acid, 

ClLaClIo -h llOCl = CIipiI.CIIoCI. 

Ethylene clilurhydrin. 

Potassium permanganate oxides the olefine, fijrming in the 
first stag'e the corresponding glycol. By further oxidation the 
molecule is decomposed by the parting of the carbon atoms at 
the original double link, 

CI4CH : Clio -1- lUJ f O = ClI,.CirOII.CII./JII. 

Propylene. Pruijyleiie glycol. 

CIIa.CIIOlLClipiI -I- 2O., CILj^COOir I- CO, I 2ll.,0. 

Acetic acid. 

Alkylcne chlorides and l 3 romiclcs with both halogen alont-. 
attached to the same carbon are ol^tained by the action oi 
PCI-, and PBr,- on aldehydes and ketones. 

ClI3.CO.CH. + PClo = CIL5.CCL.CH3 + POCI3. 

/3/3-Dichloropropane. 


Preparation 5 . 

Acetaldehyde. — The formation of aldehyde from alcohol 
probalily occurs by the addition of oxygen and su1)setiiiem 
elimination of w'ater, 

CH 3 CM., 0 II +0 = Cll 3 .CH( 0 II)., CH;,CO.H i- UJ). 

The aldehydes may also be obtained by the reduction of acid 
chlorides and of anhydrides in some cases, but the method is 
rarely adopted. Aldehydes can only be obtained directly from 
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the fiitty Jicicls l^y distillini^' the calcium salt with calcium form- 
ate ; but in no case by direct reduction, unless in the form of 
lactones, 

(CII;5.(:(J()).Pl I (IlCCXbXa -= 2 C 1 I;..(:<).II 1 eCaCCX 

Tlie aldehydes are readily reduced to the alcohols. Charac- 
teristic pro])erlies of the aUlehydes are the formation of aldehyde 
ammonias, Scliiff’s reaction, the reduction of metallic salts and 
the [production of rrc iVa/s by the action of alcohol in presence of 
hydrochloric acid <^as (K. .Fischer). 

CILj.C'O.lI I 2(\.lb,(JII - ClI...ClI(()(hnr,)o -1- lloO. 

-\ccUll. 

They also polymerise readily. These reactions should be com- 
pared with those of ben/aldehyde (Prep. 88, ]). 196). There are 
many reactions which are common to Ijoth aldehydes and 
ketones, /.c., to all stibstances whic'h containa ketone CO j^roup. 
vSuc:h, for example, are: fi) 'The formation of an additive com- 
pound with sodium lpisul[)hite. 

;C<. I 

(2) I'he action of PCl^-,, which replaces oxygen by chlorine, 

^.C(j I- I’Ci;, I- I’ocn.,. 

(3) The formation of a cyanhydrin with hydrocyanic acid, 

^ccj -I lu.'N 

which on hydrolysis yields a hydroxy-acid. 

(4) d'he formation of an oxime with hydroxylaniinc (see lh*eps. 
9, ]). 71, :ind 89, p. 197). 

I- lloNOII -I IIJ). 

(5) The formation of a plienylhydrazone witli phenylhydr- 
azine. 


)>C(JI 1 IJ..,N.NU.CuU 5 ^^C;N.NnC,ilIr, + 11.^0. 
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(6) The foniuition of ;l scmiairbazone with .seiuicarhazidc 
(sec Prep. 100, p, 212). 

^:;CO -I- II..N.N 1 I.('().NI 1 ._. . C':N.NILC()NII.. i If.o. 


Jiotli aldehydes and ketones reatlily iinderL^o i oniicjiSiitioji 
and a Rreat variety of syntheses have been el’feetetl in this way 
(see I’reps. 94, p. 204, and 103, p. 215). 

'I'he aldehydes unite with zinc alkyl i\\’a;4ner! and niuR- 
ncsium alkyl lialide ((iiT^nard, see j). 20b; to form additive coin- 
})OLinds, which decompose with water, yieldin;^ secoiulary 
alcohols. 


.( )/nClI.. 

Cl I,. CO. II I Zn(CII..).. -- C11,.C'IR 

^ClI.. 


d )ZnCIl.. 

cii,.cn(^ *’ i 2ii.,() ~ (;n.,.cii()ii.cii,. i zntoii)., i c'lij. 

'CII;{ Isitpropyl alidhol. 


cih.('().ii 1 Mid'ih;! - cn;,.c'ii. 


()M‘d 

\'II, 


CIIa.CIL: ‘ 1 II..() . ('II.j.CIlOll.c:!!,. i Zn{011}., 1 C'll,. 

N'il.. ‘ ~ I 


Acetaldehyde, in presence of IlCl, polymerises, forfiiiiiR 
aldol. With zinc chloride the reaction rocs a step furtlier and 
crotonaldehydc is formed, 


Cl I.. con 1- ci[;..c:ou ('if,.cn((Hi).ci{,.('()iL 

.M.t.L 

cih..ciioii.ciL.C(m (:ii.j.('n:('ii.coii } ii.,p. 

CruiumiUlohydi:. 


]h<KI’AK.\'riON 6. 

Methyl Iodide. -—Read notes on I’rep. 2, p. 234. 


PRKPARA'i’ION 7. 

Amyl Nitrite.— The nitrites of the Rcncn-al formula 
k/.O.NO arc isomeric with the nilro-paraffms R'N(L. Whereas 
the nitrites are hydrolysed with K<)II like other esters into tlie 
alcohol and the acid, 

C,U/)NO 1- KOli CAII.OII 1 KNO.,, 
and arc decomposed by reduciiiR aRcnts into the aleoliol and 
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ammonia (and in sonic cases hydroxylainine), the primary nitro- 
paraflins arc not hydrolysed by potash, but dissolve, forming 
the soluble potassium salt, and on reduction give the primary 
amine, 

C.II;,NOo 1- 3IL =. Cdl.NIIo 4- 2iro0. 

Amyl nitrite is used in the preparation of diazo-salts (see Prep. 
62, p. 1 61). 

J‘KKl>AKA'riON 10. 

Acetyl Chloride.-^ Either PClj or PCI,, are almost in- 
variably used in the prejiaration of acid chlorides. In the case 
of PCI- only a. portion of the chlorine of the reagent is utilised 
(see Prep. 98, ]). 208), POCl.{ being produced in the reaction, 
The use of one or otlier reagent is determined by the nature of 
the ])rodiu“t. If the latter has a low boiling-point the trichloride 
is preferred, if a high lx)iling-point, the pentachloride may be 
used and tlie oxyt'hloride expelled by distilling in vacuo from a 
water-lxitli (see Prep. 16, p. 85). The pentachloride is more 
freiiuently used m the ])reparalion of aromatic acid chlorides, 
but there are occasions, which experience can only determine, 
when the trichloride is preferable. 

Phosphorus oxychloride and the sodium salt of the acid can 
also be used, 

2 f:il;,.(:0()Nii i ViK\ ^-::2('n,,,CCCl T NuPO., -i- NaCl. 

Also thionyl chloride, SOCl._,, may often be used with advan- 
tage in place of the chlorides of phosphorus, 

Cl Pj.COCH -f SOCL - CH .j.COCl + PlCl + SO.. 

Acid chlorides react with alcohols and phenols, and in general 
with su])stances containing a “hydroxyl ” (OH) group. Acid 
anhydrides have a similar behaviour, and both substances may 
be ust;d in determining the numljcr of such groups in a 
compound. I'hus glycerol forms a triacctyl derivative, whilst 
glucose yi(‘lds a pentacetyl conijiound. By hydrolysing the 
acetyl derivative with alkali, and then estimating the amount of 
alkjdi neiilraliseil by tilra.lion, the number of acetyl groups can 
be estimated (see j). 222). 

The presence of the “amino” (NH.J group is determined by 
a similar reaction. 

The synthesis of aromatic ketones may be effected with the 

COIIKN’.S ADV. P. O. C R 
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acid chlorides, using the Friedel-Crafts’ reaction (see Prep. 100, 
p. 210), also of aliphatic ketones and tertiary alcohols with zinc 
methyl and ethyl, &c. (Butlerow) or magnesium alkyl halide 
(Grignard). 

yOZnCH3 
“Cl 
"'\CH3 




OZnCIi, 


/Cl 


CHo.C“Cl 

\CH, 


“+ HoO = cH3.co.ciL5 + zn<r + cri4« 

Acetone, O H 

/OZnCH3 /CH3 

(2) CII3.COCI + 2Zn(CIl3)o = Cli.j.C^ClL, + Zn< 


\CIL5 


\ci 


/OZnCHj 

CH-.C^^CIIs +2H,0 = CH„.C(0H)(CH3)2 + Zn(0n).-i- CIT4 

^CH3 Tertiary butyl alcohol. 


An additive compound with zinc methyl is formed, in the 
first reaction with one molecule, in the second with two mole- 
cules, and the product in each case is then decomposed with 
water. The reaction with magnesium methyl iodide is 
similar. 


Preparation ii. 


Acetic Anhydride.— The anhydrides may be regarded as 
oxides of the acid radicals, just as ethers are the oxides of the 
alcohol radicals, and, like the ethers, both simple and mixed 
anhydrides may be prepared. The latter, however, on distilla- 
tion decompose, giving a mixture of the simple anhydrides. 


.CoI-L^OX 


O = 


an,o\o 

C.JIaO/'^ + 


QlIoOXo 

CslIoO/,^' 


Anhydrides may also be prepared by the action of POCI3 on 
the potassium salt of the acid in presence of excess of the 
latter, the reaction occurring in two phases ; 

2CH3.COOK + POCI3 =:2CIL..COa P KPO3 +KC1, 
CH3.COOK + CJLOCl = (CJLOl.p + KCl. * 

In addition to the reactions described under the Preparation, 
the anhydrides undergo the following changes : 

I. With HCl, HBr, and HI they give, on heating, the acid 
chloride and free acid, 

(CHyCOloO + HCl = CH3COCI + CH3.COOK. . 
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2. With Cl they form acid chloride and chlorinated acid, 

(Cl I;, CO)./) I- CU = CII 3 COCI + CHoCI.COOPI. 

3. With Na amalgam they are reduced to aldehydes. 

Preparation 12. 

Acetamide. — The acid amides, or simply amides, corre- 
spond to tlie amines, l)cing‘ ammonia in which hydrogen is 
replaced l)y acid radicals, and, like the amines, exist in the form 
of primary secondary and tertiary amides. The following 
methods are used for obtaining the amides-, in addition to that 
dcscril.)ed under the preparation : 

1. The action of ammonia on the acid chlorides or anhy- 
drides (see Prep. 98, p. 209). 

ClLj.CO.Cl !- 2 N 11 ;. = CILj.CO.NlIo + 

Pl/d’ /O -I aNIl;, = cn;,.CO.NI 4 + CII3.COONH4. 

2. The action of ammonia on the esters (see Prep. 26, p. 102). 

Cn,.COCG.Il 5 -h NIL.. == CIL.-CONlIo -f CJPpiI. 

3. Partial hydrolysis of the cyanides by cone, hydrochloric 
or sulphuric acid, 

CICCN -I- II.,0 = CILj.CONHo. 

d'he alkyl amides or substituted ammonias, with both acid 
and alkyl radicals, also exist, and are formed by the first two 
of tlie al)ove reactions and by heating the salt of the amine 
(see Prep. 54, P- iSO- 

ClL,.CO.Cl'-l NU.Ailn = ClLj.CO.NLICdC - 1 - IICI. 

Acctcthylaniidc. 

Cir,.COOII.NIUC,iIl5 = CU;,.CONH.C,ill5 + ILO. 

Anilino AccUinilide. 

Witli the exce})tion of formamide, which is a viscid liquid, the 
majority of these compounds are crystalline solids. The lower 
members are sohilde in water, and they all dissolve in alcohol 
or ether. Many of them distil without decomposition. They 
are neutral substances uniting with both mineral acids and 
a few of them with caustic alkalis and alkaline alcoholates 
to form compounds which arc rapidly decomposed by water. 

'Llie hydrogen of the amido-group is also replaceable by 

R 2 
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metals, and derivatives of .acetamide of the following formulae 
are known : 

CI-LjCONHNa, CI^CONHAg, (CH^.CO.NIIhrig. 

They are converted by nitrous acid into the organic acid, 
and in the case of substituted amides into nitrosamides, 

CH3CONII0 + UNO,' = CH;j.CO.OTI + No + ILO. 

CEI,.C 0 .NHQ;H 5 + IINOo= CH,.C0.N(N0).Q;H5 + ILO. 

Acetanilide. Nitrosoacetanilide. 

With the latter class of substituted amides, PCI,-, forms the 
imidochlorides, a reaction which is usually formulated in two 
steps, 

CH 3 .C 0 .NHC,H- -!-■ PCI 5 = CHa-CCUNIICJlT L POCh,. 

CII..CCLN1IC^II5 = CHyCCl : NC^Ilr, + IICI. 

The substituted amides give both imidochloride and the 
cyanide with PCl^, 

CIIj-CONH, + PCI5 = + roci, + HCl. 

=CH,.CN + IICI. 

Preparation 13 

Acetonitrile. — The various reactions by which the nitriles 
or alkyl cyanides are obtained have already been mentioned 
in one or other of the previous notes, but they may be 
recapitulated. 

1. By the action of KCN on the alkyl iodide or alkyl 
potassium sulphate, 

C.>H,I d- KCN = C2II5CN + KI. 

+ KCN = C3M3CN + K..SOj. 

2. By the action of PCI5 (as well as P2O.-) on the amide, 

CH 3 .CONH., -f PCI 5 = CH.CN + POCl, + 2IICI. 

3. By heating the aldoxime with acetic anhydride, 

CH3.CH : NOII -f (Cl-bCObO = CILCN + eCH.COOH. 

They are compounds which are, for the most part, insoluble 
in water, possess an ethereal smell, have a neutral reaction, and 
may be distilled. 
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'riu‘ fact that they are eminently unsatiinited compounds is 
evidenced l)y llieir ^^eneral behaviour towards a great \'ariely 
of reagents. 

1. On reduc'tion tlrny give the primary amine (Mendius), 

CML.CN I 2ll.^ - Cn;5Cn,.NIIo. 

2. With MCI, M Hr, and HI they form imidolialidcs (Wallach), 

ClI-jCN I IlCI - Clls-cOr'!,'’. 


3. With alc(diol and IK'l they form the hydrochloride of the 
iniidoetliers, from which caustic alkali liberates the base 
(Pinner), 


cii/'N I (',,11,., on -I IK'l - 

cii;,c I Nn()ii - (:ii:,a;|'j'0^ -I Nrici 1 ii.,o. 


'Phtse imidoethers unite with ammonia and amines and form 
tlie amidines, 




Nil 

\( Kbllj; 


NIL, - (:ii:,.('<^](,|P -I ('..Hr, nil. 

A(:»'t:inudin(.*, 


4. The latter are also formed l)y the direct action of ammonia 
on the cyanide, 

('lla.CN I- NIL, = C1 I,,.(:;"^n|{ . 


5. I lydroxylaminc unites with the cyanides, forming amid- 
uximes, 

(-11,, .(IN I- NIL, OH - CII;,.(:<(j!5[j't 


0. With H.jS thc! tliiamides are formed, 

c'I4(:n I II, s - cifi.cs.Nn,. 


PRKPAitA'nON 14 

Methylamine Hydrochloride.— This reaction, which 
yields the jirimary amine, is applical'jie, not only to the aliphatic^ 
but also to the aromatic amides, d’he formation of anthranilic acid 
from phthaliinide is a process of technical importance. By the 
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action of bromine and caustic potash, phthalaminic acid is first 
formed, which then yields the amino-acid, 


.CO. 

C6H4< >NII + HoO 

/CONHc, 

- C,H / 

/COOH 

.CONHo 

CeH,( " + Bro 

^COOH 

/CONHBr 
= Cgll,/ 

/COOH 

/CONPIBr 

Call,/ 

^COOH 

.NCO 

= Call,/ + 

'^COOH 

yNCO 

+ HoO 

'COOH 

/NHo 

= CoH / “ + 

/COOH 


The primary amines may also be obtained by the following 
reactions : 

1. Action of alcoholic ammonia on the alkyl iodides Jind 
nitrates, 

CoIIr,! + NIT3 = CoHgNHo + HI. (Hofmann.) 

Secondary and tertiary amines are also formed (see p. 156), 
CoHsONOo -f NH3 = CoHgNHo + UNO.. (Wallach. ) 

2. Reduction of the following classes of compounds : 

nitro-compounds 

cyanides 

oximes 

pheny Ihy d razon e s 

CoIigNOo + 3I-I0 = CoHgNH. + 2H2O. (V. Meyer.) 

CoHgCN + 2II0 = CoHgCHoNHo. (Mendius.) 

CPIg.CFLNOH -f 2PI0 = CH3.CrL>N.IL -f HoO. (Goldschmidt.) 
CH3.CH:N.NHCcH 5 + 2H.2 = CM3.CH0.NH2 -f CfjHg.NIL. (Tafel. ) 

3. Hydrolysis of the isocyanides with cone. HCl, which occurs 
in two steps : 

C0H5NC + IfoO = CaligNILCOH 
C2H5NH.COH + HoO = C2H5NH2 + HCO.OH. 

The three classes of aliphatic amines (primary, secondary, and 
tertiary) may be distinguished by their behaviour with nitrous 
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acid and alkyl iodide. The primary amine is decomposed with 
HNO.j, formiiiL;- the alcohol, and nitroi^en is evolved, 


C.lIrNIlo 


No -I- 1 1. 0. 


The secondary amine forms the nitrosamine, insoluble in water 

1 )iolhyliiitri)s:innnt:. 

The tertiary amine is unacted on by nitrous acid, but, unlike 
the other two, unites with an alkyl iodide and forms the 
cjuaternary ammonium iodide (Hofmann), 

((ui,.).sN I- cn,i (c,ii,),NCTy. 

'rru'tliylmcihylammoniuin iodide. 

The l)ehaviour of nitrous acid with the aromatic amines is 
somewhat different (See Preps. 6o, p. 157, and 62, p. 16 1). 

'Fhe primary amines may also be distinj^uished from second- 
ary and t(‘rtiary amines by the isocyanide reaction (p. 150), which 
consists in heatiiy^' the amine with a little chloroform and .alco- 
holic pot.ash solution. An intolerable odour of isocyanide is 
emitted, 

1- Click d- 3KOIT “ C..II,NC d- 3KCI d 3II.X). 


PRKPAUA'l'ION 15. 

Ethyl Acetate. — Esters maybe obtained by the direct action 
of the alcohol on the acid as in the case of methyl oxalate. 
(Prep 26, p. roi). A certain (juantity of ethyl acetate is also 
olHained from ethyl alcohol and acetic acid, ‘dnit the action, which 
is a 7 r' 7 'r?-s'ible one, stops when a certain proj^ortioii of the con- 
stituents have combined (j). 234). It is represented thus : 

c.,Hr/)n I (:H;..(:(K)n:;^cn;,.co()Cdi,, i- lU), 

which sij^'uifies that the ester and water react and re^’cneratc 
.'dcoliol and acid, whilst tlie reverse ])roccss is in operation. P>y 
removinj^' the water as it is formed l)y means of sulphuric acid 
or by distillation, this condition of equilibrium is disturbed and 
the reaction is completed. 'Phis docs m)t, however, explain the 
fact, first discovered by Schccle and afterwards investii^atcd by 
Fischer and .Speier (see Prep. 99, ]). 209), that a very limited 
quantity of cone, sulphuric or hydrochloric acid will produce 
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the same result. According to Henry the reaction with HCl 
takes place in several steps, 

CH,.COOFI + C2H5OH = CH,C(OH),OC,H,. 
CH3.C(OH)oOCJI, + HCl = CHoC(OH)C10CoH, -t- H.^O. 
CH3.C(OH)C10CoHr, = CH3.COOC0H5 + HCl. 

Other methods for the preparation of esters are by the action of 
alcohol on the acid chloride or anhydride (see Reactions, p. 75), 
or by boiling up the dry powdered silver salt of the acid with the 
alkyl iodide, 

CH3.COOAg + CJLJ = CH3.COOC0H, + Agl. 

The esters are, for the most part, colourless liquids or solids of 
low m. p., with a fruity smell and insoluble in water. They are 
hydrolysed by potash (most readily with alcoholic potash) and 
give amides with ammonia, 

.CH3.COOC.H5 + NH3 = CH3.CONI-L + CJi50H. 

Acetamide. 


Preparation 16. 


Ethyl Acetoacetate. -The explanation of the manner in 
which this substance is produced has been given in the account 
of the preparation. The result was arrived at, not by the isola- 
tion of the intermediate compound formed by the union of 
ethyl acetate with sodium eth^date, but by analogy with the 
behaviour of benzoic methyl ester with sodium benzylate, whicli 
gave the same additive product as that obtained by combining- 
benzoic benzyl ester with sodium methylate, showing that such 
combinations could occur, 


/ONa 

CbH.C^OCH, 


\och;.c„h. 


Also by the fact that sodium only attacks ethyl acetate in 
presence of ethyl alcohol, although the quantity of the latter 
may be very minute. Similar reactions have been effected 
with either metallic sodium or sodium ethylate by Claisen, 
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W. Wisliceniis nncl others, of which the following examples 
must suffice ; ^ 

;/W 

I C'n,.r()()(:,IT,, - (V,H.,CO,CTTo.COOCJIr, 

<'st<‘r. Acrtic <r-st(M-. + CoH.-,01I. 


iK'ooc'ji, I 

I'stcr. Atclic cstiT. 

Col L,( )('O.C( )( )(',.! Ir, 

Oxalic fsur. 1 Cl )OG, I In 
Acriic fslcr. 


iLC().c'no.co()Conr. 

Konuylac.^tic c-sIlt. " Col I r ,0 1 I . 

Col i/)c:( ).C( ).ci io.c:ooCoiir, 

( )xalylaccti<: oster. .| Q, 1 1 rfO H. 


From this it would appear that mi^ht always be. 

cffer.led h(‘,tween an ester on the one hand and a compound 
containinj^ the group CIlo.CO on the other. This seems very 
generally to be the {'as(.‘, and Claiscn has succeeded in pro- 
ducing ('ondcmsation products between esters and ketones or 
aldehydes containing this groui). (See Prep. loo, p. 212.) 

'Flu? formula for ethyl ai'etoacetatc would imply the properties 
of a ketone, a view whic'h is borne out . by its reduction to a 
hydroxy-acid, 

c 1 1 c: H ( ) 11 . Cl 4 cone JD., 

/3- 1 1 ydroxyliu lyric ester. 

and by its behaviour with ])hcnylhydra/.ine and hydro.xylaminc. 
'Fhe latter reactions gl\'e rise to the formation of the usual 
phenylhydr.T/one and oxime, whilst a molecule of alcohol is also 
remoN'cd resulting in a closed chain, in the former case phenyl- 
mcthylpyrazolone, and in the latter methylisoxazolone being 
formed, 

( : I L, c. ( : 1 1 o. ( :( > ci i c. c 1 1 .. co 


Pheiiylnu’thylijyr.nzolonc. Methylisoxazolone. 

The “methylene” group (CHo) standing between two CO 
groups, such as occurs in acctoacctic ester, is characterised by 
certain projicrties, which are shared by all compounds of similar 
structure, viz., by their behaviour towards nitrous acid, diazo- 
henzene salts, and metallic sodium or sodium alcoholate. 

The first reaction leads to the formation of isonitrosoacetone, 

cri.,.co.cn...cooc>irn -i- mno., cii,.co.cti:Noii + co., 

-h ColbDII. 
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The second yields, in acetic acid solution, form asy / deiiv3.tives. 


CH.5.CO.CIio.COOCoH, -f- Qjtl^N.Cl 
CH3.CO.CH:N.NIIC,;Il5 + CoH,NXl 


CIL.CO CILN.NII.Q.II 
+"CO.,-fCoIi 50 H + IICl. 


- + IICl. 

Acetyl diphenyl fornia/yl. 


The third is capable of the utmost variety, since the sodium 
in the sodium compound may be removed by the action of : 

I. Iodine, which leads to the formation of acetosuccinic 
ester, 

CH,.CO.CIINa.COOCoIIr, CILj.CO.CII.COOCJI, 

P lo = I + 2 NaI. 

CH,,.CO.CHNa.COOC>II, '' CILj.CO.CII.COOC,!!, 

Acetosuccinic ester. 


2. Alkyl iodide, whereby two atoms of hydrogen may be 
successively replaced by the same or different radicals, 

CILj.CO.CIiNa.COOCoH, P CHJ = CHj^.CO CH(CII,)COOC\»I If, 

■pNal. 

CI4C0.CNa(CH,).C00CoH5P CH3I =CI4CO.C(CIL>.b.COOC>I Ir. 

' P Nal. 

3. Acid chloride, which is of similar character to the fore- 
going process, but gives rise in some cases to the simultaneous 
formation of two isomeric compounds, a fact which at one time 
threw considerable doubt on the ketonic character of aceto- 
acetic ester. Thus chloroformic ester and sodium acetoacetic 
ester produce the following two derivatives, of which the second 
predominates : 

CH3. CO. CHCCOoCaHslo. CH3. C(OCO.A^In) :CH. COAT Is- 

Acetylmalonic escer. ^-Carboxethylacetoacetic ester. 

The synthetic capabilities of this compound are not yet 
exhausted. Acetoacetic ester and its alkyl derivatives undergo 
decomposition in two ways, according to whether dilute 
alkalis and acids or, on the other hand, strong alkalis are 
employed. 
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1. Willw/z/z/A* aqueous or alcoholic caustic alkalis, or baryta, 
or sulphuric acid, a ketone is formed (ketonic decomposition), 

-1 up - CH;;.co.crk -t- cOo + cji^oh. 

2. Concentrated alcoholic ])otash decomposes the ester into 
two molecules of acid (acid decomposition), 

Cdhj.CO.Crfo.COOCJL, -I- 2lL,() CTL.COOII + CH.5.COOH 

+ CoiinOir. ■ 

If the alkyl derivatives of the ester arc employed, it is 
possil^le to effect the synthesis of a scries of ketones and 
satunitcd aliphatic acids, according- to whether the one or other 
reaction is used. 

Of the other synthetic processes which have been studied in 
connection with this substance, the following' maybe mentioned : 

I. I he monoalkyl derivatives yield with nitrous acid the 
isonitroso-derivative, from which the ortho-diketone may be 
obtained (v. J*echmanu), 


('ii;(.(:().c:ii(cir;,).c()0c,iir, 1 - hnOo--- cii.{.co.C:(noii).ch.. 

-I- 'CVIIsOM + lUO. 

('ii. 5 .(:().C:(noii).cii .5 -i- iLp ciL.caco.cihj + kiloil 

JJiacetyl. 


'fhese compounds readily condense, forming derivatives 
quinonc, 


1 

CO. Cllj IIo i 

Ho 

.CO. c 1 0 1 


.CIL, 


Cl I,. C .CO . Cll 

■ I I . 

cTi.co.cn., 

DImolliyl (julnone. 


of 


2. Aldehyde-ammonias and acetoacetic ester yield pyridine 
derivatives ( Ilantzsch), 



11 

Nil 

II 1 

cii,.c:i 

0 


0 jc 

j ; 

CoIbOCO.Cj 

H 

nil 

i 1 

n ic.co.oCoH^ 



0 



CH 

I 

CH3 


Nil 

/\ 

Clk.C C.CIL. 


i Col r.,o. CO. c c. CO. ocjis 


CH 

I 

CH, 

Dihyclrocollidinedicarboxyllc estir. 




3 - Orthoformic ester and acetoacetic ester in presence of 
acetic anhydride form a hydroxymethylene ester (Claisen), 


CH.. CII 3 

1 ' I 

CO CO 

1 I 

CHo + HC(00CJI,)3 = CrCIi.OCoH, + 2 CoII,OH. 

I ~ " * ■ I 

COOCJI., COOCoIL. 

4 . The derivatives of acetosuccinic ester are very numerous 
the compound lending itself readily to the formation of hetero- 
cyclic compounds (pyrrole, furfurane, thiophene, pyridine, &c., 
derivatives). 

The impartial way in which acetoacetic ester was found to 
behave, sometimes playing the part of a hydroxy-compound, 
sometimes that of a ketone, has led to much discussion on the 
merits of the formuL'^ proposed by Geuther and Frankland, 

CIT.C(OH):Crj.COOCoir 5 . CII:vCO.CHo.COOCJiB. 

Geuther’s formula. Frankland’s formula. 

From its physical properties and from its close analogy with 
compounds which are known in both dcsmoiropic forms, there 
is now little doubt that the liquid is a mixture of both com- 
pounds, the proportion of each being determined by tempera- 
ture and other conditions. It is a typical example of fautomc7'- 
ism} 

Preparations 17 — 18. 

Monochloracetic Acid and Monobromacetio Acid.-— 
The action of chlorine on the aliphatic acids takes place in 
presence of sunlight, also on the addition of small quantities of 
the “ halogen-carriers,” iodine, sulphur, and red phosphorus. By 
the action ofiodine, I Cl is formed, which decomposes more readily 
than the molecule of chlorine, and hydriodic acid is liberated, 
CHg-COOPI -t- ICl = CITCl.COOH + HI. 

The hydriodic acid is then decomposed by chlorine, and ICl 
regenerated. Phosphorus acts by forming the chloride of 
phosphorus from which the acid chloride is produced, which is 
more readily attacked by chlorine than the acid. Sulphur 
behaves in a similar fashion, sulphur chloride converting the 

1 For a full discussion of the subject of tautomerism, see the author’s Organic 
Chemistry for Advanced Students, E. Arnold, London. 
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acid into the acid chloride. Eromine in presence of phosphorus 
forms in the same way, first, the acid bromide, and in the 
second stai^e of the reaction, the 1)romine substitution product. 
The bromine in all cases attaches itself to the a-carbon {z.e., 
next the carboxyl). Where no free hydrogen exists in this 
jiosition, as in trimethylacetic acid, no substitution occurs. 
Iodine can be introduced by the action of KI on the bromine 
derivative, 

CllJlr.C'OCJIl -1- KI ^ CIIJ.COOII + KBr. 

Monohalogen derivatives may also be obtained from the 
unsaturated acids by the action of the hydracids (HCl, HBr, 
MI). In this case the halogen attaches itself to the carbon 
farthest from tlu! carboxyl. Thus acrylic acid gives with HBr 
the /3-l)romopropi()nic acid, 

('Il.y.Cn.CO.OIl 1 IlBr Cll.TJr.ClI..C001I. 

The action of the hydracids, PCI,-, and PBr^, on the hydroxy- 
acids also yields the halogen derivatives, 

(’1I:,.(TI(01I).C()()!I 1 HBr. CII.f.CIlBr.COOH + lIoO. 

-I 2PClr, CU;5.CIIC1.C0C1 + aPOClj 
-1- aUCl. 

In tlie latter case the acid chloride must be subsequently 
decomposed l,)y water to olAain the acid. 

The increase in the number of halogen atoms in the acid 
raises the boiling point as well as the strength of the acid as 


determined by its dissociation constant K. 

a.i’. K. 

Arcticucid ....... 1 1 8 " ‘OOl8 

Monoc'hlonux’lic acid . . . 185“ *155 

1 )icl)lnracelic acid 190 ^ 5‘H 

Trichloracetic add .... 195 '" ^21 


Some of the transformations of monohalogen acids are 
illustrated by the following ecpiations : 

Cl I.,<'1.( '< )()1 1 } II./) Cl I./ )H, coon -1 MCI. 

( q I., Cl. cool I I KCN - CH.;CN.('001I -| KCl 
('Il.Tl.COOlI 1 aNlI.-j ^ (:iI._jNlI.,.COOII 1 NIMCh 
CM., Cxioil 

2 CII.,Hr.COOn 1 Ag., - I “ + 2 AgBr 

CIO. coon 

CH,LC:n.,CO01I X KOH - CII,:ClI.COOH + KI + IKO. 
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Preparations 19—20. 

Glycocoll. — By the action of primary and secondary amines, 
corresponding amino-acids are formed. Chloracetic acid and 
methylamine yield sarcosine, 

^C1 /^NHCI-L 

CH2 + NH0CH3 = Clla -}- HCl. 

^COOH ^COOil 


The amino-acids are further obtained by the reduction 
(Zn and PI Cl) of nitro-, oximino- and cyano-acids, thus : 
CIIo(NO.,).C001I + 3Pl2= CH.iNH,)COOII + 2PI0O, 
CPl3,C(NOII).COOH + 2lL> = CH3.CH(NH.,),C00H + PRO, 
CN.COOH -h 2IL, = CHo(Nir.,).c60H, 


and by the action of NH3 on the cyanhydrin of aldehydes and 
ketones, or simply of ammonium cyanide. The product is then 
hydrolysed with PICI, 


/CN 

HCN X NH 3 

CHy.COH CII3.CII 

\0H 


H.,0 

CHyCn cU;..cii 


The amino-acids are crystalline compounds usually of a sweet 
taste and soluble in water. They are neutral compounds, from 
which it may be assumed that an inner ammonium salt is 
formed — 


/NH3 

CPI \ . 
\2 \ 

^COO 


By the action of an acid chloride on the amino-acid, the hydro- 
gen of the amino-group may be replaced by an acid radical. 
Hippuric acid has been synthesised in this way. 

^NIP, ^NPI.CO.CJIs 

CPL + CgPIsCOCl = CIL, + HCl . 

\coon ^cooH 

The amino-acids are not acted on by a hot solution of caustic 
alkali, but on fusion with caustic soda or potash, yield the 
amine and COo, 

/NHo 

CPI3.CH = CIL.CII2.NH0 + CO2. 

\COOH 
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With nitrous acid the hydroxy-acid is formed, 

/Nh, oh 

CH., + UNO, = CHo H- No + H„ 0 . 
^COOII '^COOH 


Preparation 21, 


Diazoacetic Ester. — The primary amines of the aliphatic 
scries differ from those of the aromatic group in the fact that the 
former yield no diazo-compounds with nitrous acid. It is other- 
wise with the amino-esters, the ester group probably furnish- 
ing the acid character (represented by the nucleus in the aromatic 
series) necessary to give stability to the compound. It should 
be pointed out that the two classes of compounds have not an 
identical stiuctuie. hhe formation of diazoacetic ester from 
pyruvic ester and hydrazine and subseciuent oxidation with mer- 
curic oxide indicates that both nitrogen atoms are attached to 
carbon, 


CM; 

CII,0.C0‘ 


%CO + NII.,.NH., •> 

■ ■ CHsO.CO/ \nH 


CILACO-^ 



In addition to the reactions described in the preparation 
diazoacetic ester unites with unsaturated acids and forms cyclic 
compounds. Fumaric ester, for example, combines in the 
following way : — 


ClI 


/N 


I 

COOK 


+ 


CH.COOR 

II 

CH.COOR 

RO.CO.CH 


N 

ro.oc.iic/\n -> 

RO.OC.HC! 'CH.COOR 


1 \ . + No, 

RO.CO.CH— CH.COOR . 


When bisdiazoacetic ester is heated with water or dilute acid 
it breaks up into hydrazine and oxalic acid, 

/N=h\ COOH 

MOOC.CH/ >CH.COOH + 4 H 0 O = 2 1 + 2 NH 0 .NH 0 . 

NN=N/ “ COOH 


256 


PRACTICAL ORGANIC CHEMISTRY 


Preparation 22—23. 


Bthylmalonic Acid.— Like acetoacetic ester (see p. 83), 
diethylriialonate contains the group CO.CHo.CO. By the 
action of sodium or sodium alcoholate, the hydrogen atoms of 
the methylene group are successively replaceable by sodium. 
The sodium atoms are in turn replaceable by alkyl or acyl 
groups. Thus, in the present preparation, ethyl malonic ester 
is obtained by the action of ethyl iodide on the monosodium 
compound. If this substance be treated with a second mole- 
cule of sodium alcoholate and a second molecule of alkyl iodide, 
a second radical would be introduced, and a compound formed 
of the general formula 


>.C(COoCoH5).„ 


in which X and Y denote the same or different radicals. 

These compounds yield, on hydrolysis, the free acids, which, 
like all acids containing two carboxyl groups attached to the 
same carbon atom, lose COo on heating. Thus, ethyl malonic 
acid yields butyric acid. In this way the synthesis of mono- 
basic acids may be readily effected. Malonic ester, moreover, 
may be used in the preparation of cyclic compounds as well as 
of tetrabasic and also dibasic acids of the malonic acid series 
(Perkin). To give one illustration : malonic ester, and ethylene 
bromide in presence of sodium alcoholate, yield trimethylene 
dicarboxylic ester and tetramethylene tetracarboxylic ester. Th e 
first reaction takes place in two steps, 

CtINa(COOC2Hg)., + C,H4Bry = CH.,Bi-.CHo.CH(COOCJi5).,-l-NaBr. 
CHNa(COOC,Pl5,)o + CILBrCH., Cli(COOCoIL) 

- I ■ >C(COOC,Hg)., A NaBr + CH.-,{COOC.,H5)o. 

CH./ - - - - 

In the second step a second molecule of sodium malonic ester 
exchanges its sodium -with the substituted malonic ester and a 
second molecule of NaBr is then removed. 

The formation of the tetracarboxylic ester occurs simultane- 
ously, 

2CHNa(C00CoH,)., + C,H4Br., 

= (COOCoHshCH. CH.3. CH.,. CHfCOOC^ITs)., + 2NaBr 
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The free acid derived from the ester by hydrolysis loses two 
molecules of CO^ on heating-, and gives adipic acid, 

( COO U )..C 1 1. C I lo. C 1 1 o. C 11 ( COO IT )., 

== coc)n.cn.>.ciL,.CHo.ciL,.cooi-i + 2C0.,. 

Cyanacetic ester has similar properties to malonic ester, inas- 
much as the methylene hydrogen is replaceable by sodium and 
thus by alkyl groups. 

CN CN CN 

I 1 I 

Cdl.. ->■ CHNa -> CHX 

I ■ I I 

coocd r, co( )G ,1 r, C00C0H5 

Preparation 24. 

Trichloracetic Acid. — 'Phis acid may also be obtained by 
direct sul)stituli()n of acetic acid by chlorine (Dumas) (see Prep. 
i7i P- ^^7)* o-'iidAtion of the corresponding aldehyde is, 

however, the more convenient method. Trichloracetic acid 
decomposes with alkalis on heating into carbon dioxide and 
chloroh.)rm, 

CCl:,COOIT = CirCla H- CO.,. 

'Phe reaction resembles the formation of methane from sodium 
acetate when heated with soda-lime. 

On reduction with sodium or potassium amalgam, trichlor- 
acetic acid is converted into acetic acid (Melscns), 

cx:i;{,co()ii 1- siio- ciPj.coon + 311C1. 

1 )ichloracetic acid may also be obtained from chloral by the 
action of i)otassium cyanide and water, 

CCljCOl! I IP.O I KCN - CIICDCOOII T KCl -I- HCN. 
Wlicreas mono- and tri-chloracetic acid are solid, dichloracetic 
acid is a liquid at the ordinary temperature. 

Preparation 25. 

Oxalic Acid.— The jn'cparation of oxalic acid by the action 
of nitric acid on sugar was introduced bySchcele, and was used 
for some time as a teclmical process. The vanadium pent- 
oxide acts as carrier of oxygen, being alternately reduced to 
tetroxide and re-oxidised. The present commercial method is 
to heat sawdust with a mixture of caustic potash and soda on 

COHEN’S ADV. P. 0 . C. ^ 


258 


PRACTICAL ORGANIC CHEMISTRY 


iron plates to 200 — 220°, and to lixiviate the product with water. 
The acid is precipitated as the calcium salt, which is then decom- 
posed with sulphuric acid. 


Preparation 27. 

Q-lyoxylic and Grlycollic Acids. — The process of electro- 
lytic reduction has been applied successfully to a large number 
of organic compounds, and has not only been found to have 
definite practical advantages in many cases over other methods, 
but, on account of the ease with which it may be controlled, has 
elucidated the various stages in the mechanism of some of the 
more complex changes. The reduction of nitro- compounds is 
illustrated in Preps. 49 and 50. The reduction of organic acids, 
ketones and carbonyl compounds generally has been developed 
by Tafel and others, and in these cases it is found advantageous 
to use a mercury or lead electrode. An essential feature of the 
process is a clean metallic surface at the cathode and the absence 
of foreign metallic impurities. The redaction of the carbonyl 
group proceeds in three steps : 

>CO + 2H = QOIl) - C(OH) 

>co + 2H = >ciiori 

>CO + 4H >CIL> + H, 0 . 

Preparation 28. 

Palmitic Acid. — This acid, together with stearic and oleic: 
acids, in the form of the glycerides, are the chief constituents of 
fats. Palmitin (glyceride of palmitic acid) is also found in 
certain vegetable oils like palm and olive oil. The acid occurs 
also as the cetyl ester in spermaceti and as the myricyl ester 
in bees-wax. It may be obtained from oleic acid by fusion 
with potash, 

QsIfaP., + 5O + 5KOI-I = CidhiiOoK + 2K0CO. +4ILO. 

In the analysis of oils and fats, where the quantity of fatty acid 
is the chief object of the determination, it is customary to 
hydrolyse the substance with a standard solution of alcoholic 
potash in place of aqueous potash, and to estimate the excess 
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of free alkali with standard acid, using phenolphthalein as 
indicator. The difference gives the amount of alkali neutralised 
by the fatty acid (see p. 210), 

Preparation 29. 

Formic Acid.— In addition to the method described, the 
acid is formed in the decomposition of chloral (see p. 9), 
chloroform (see Prep. 8, p. 71), by the action of cone. HCl on 
the isocyanides, 

QH5NC -{- HoO = QI-IgNH., + HCO.OH, 

by the decomposition of aqueous hydrocyanic acid, which yields 
the ammonium salt, 

IICN + 2I-LP = HCOONH4, 

and iDy the oxidation of methyl alcohol with potassium bichrom- 
ate and sulphuric acid. It is present in the sting of ants and 
nettles, and is also occasionally found among the products of 
bacterial fermentation of polyhydric alcohols and carbohydrates. 
The commercial method is to act on solid NaOH with CO 
under pressure and at a temperature of about 100^ : 

CO-l-NaOH = IICOONa. 

The calcium salt is used in the preparation of aldehydes by 
heating- it with the calcium salt of a higher aliphatic acid, 

(IlCOO)oCa -i- (CH3,COO).,Ca = 2CH3CO.ri -1- 2CaC0;;. 

The reducing action of formic acid and* formates on metallic 
salts may be ascribed to the presence of the aldehyde group 
( 0 PI)CH :0 in the acid. 

Preparation 30. 

Allyl Alcohol. — Note the difference produced by the 
change in the relative quantities of glycerol and oxalic acid, 
and the temperature at which the reaction is brought about. 
In the case of formic acid, it is the oxalic acid alone which 
undergoes decomposition, and theoretically a small quantity of 
glycerol will effect the decomposition of an unlimited amount 
of oxalic acid. But at the higher temperature it is the glycerol 
which yields the main product. Allyl alcohol being an un~ 

S 2 
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saturated compound, forms additive compounds with halogens 
and halogen acids. With permanganate solution it may be 
converted into glycerol, 

CH 2 :CH.CIL 0 PI + ILO O = CIIoOILCIIOH.CIi.,OH. 

On oxidation with silver oxide it yields the corresponding alde- 
hyde (acrolein) and the acid (acrylic acid). 

Preparation 31 

Isopropyl Iodide.— The replacement of hydroxyl by iodine 
in the action of phosphorus and iodine on alcohols has already 
been described (see Prep. 6, p. 68), but here the presence of an 
excess of hydriodic acid, which is due to the action of water on 
the phosphorus iodide, 

PI, + 3H2O = P(0H)3 + 3III, 

exerts in addition a reducing action on certain of the hydroxyl 
groups. By diminishing the proportion of phosphorus and 
iodine to glycerol, the reaction may be interrupted at an earlier 
stage, when allyl iodide is formed. This is probably due to the 
splitting off of iodine from propenyl tri-iodide, 

CILJ.CHI.Ciy = CHo:CH.CI-U + I3. 

On the other hand a larger proportion of phosphorus and iodine 
or cone, hydriodic acid will reduce allyl iodide to propylene, 

CIIy.CM.CILI + HI = ClLyCH.Cii, + R. 

The action of hydriodic acid on glycerol is typical of the 
polyhydric alcohols. Hydriodic acid converts erythritol into 
secondary butyl iodide, and mannitol into secondary hexyl 
iodide. The normal iodides are never formed. 

Preparation 33. 

Bpichlorhydrin. — It is a noteworthy fact that althoug-h 
hydrochloric acid can replace hydroxyl by chlorine in the case 
of the monohydric alcohols, the number of hydroxyl groups which 
are substituted in the case of polyhydric alcohols is strictly 
limited. Like glycerol, ethylene glycol gnves a chlorhydrin, 
ClioOH.CHoOH -1- IICl = CPIoOH.CIioCl + IPp. 
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The remaining hydroxyls can always be replaced by chlorine 
l)y the action of l‘(dl;v "I'he chlorhydrins may also be obtained 
by the action of I IOCl on the olefines. It is a g'cneral property 
of these compounds to form the oxide when heated with caustic 
alkalis. Ethylene chlorhydrin gives ethylene oxide in this way. 


ClECl.CILpir + NaOII == CTECHo + NaCl + lEO. 


6 


Compounds like ethylene oxide and cpichlorhydrin may be 
regarded as inner ethers, 


-Clio 


o<ri 

Fahylone oxide. 


CH3 

CII3 

Dimethyl ether. 



't hese oxide:: arc easily decomposed. With water, ethylene oxide 
forms glycol; with hydrochloric acid, the chlorhydrin; with hydro- 
cyanic acid, the cyanhydrin. PZ pi chlorhydrin behaves similarly. 


Preparation 33. 

Succinic Acid.— Tartaric acid, like malic acid, is converted 
int(^ succinic acid on reduction with HI, and the relationship of 
these three acids is thereby established. The constitution of 
succinic acid itself has been determined by its synthesis from 
ethylene (Mcaxwell Simpson). Ethylene unites with bromine, 
forming ethylene bromide, which yields ethylene cyanide with 
potassium cyanide. The latter is then hydrolysed. 

Cn.> Clk,P.r CITCN CH0.COOH 

1! -V 1 ” ->-1 I 

Clhbr CIECN CTECOOII 

It is an intevcslinu- fact, not yet fully explained, that the 
alkyl succinic ac/uls k'vc aithyclridcs more readily than succinic 
acid and the greater the number of alkyl groups, the more 
"readily is the ' anhydride produced. Thus^ the anhydride of 
tctrainethyl succinic acid is so stable that it is not decomposed 

by water. . . 

The symnietrical dialkyl succinic acids exist in two forms, 
each yielding a separate anhydride. From their similaritv to 
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"7 


the anhydrides of hexahydrophthalic acid, they are distinguished 
as cis- and trans-compounds (see Notes on Prep. 37, p. 265). 


' ! CH;, 

CIL, 

\ 


i CILCO 

IIoC CILCO 

i- ■ i > 

“1 1 

1 1 / 

CH.co 

HoC CH.CO 


O 


/ 

CH, 

Dimethylsuccinic 

anhydride. 


\/ 

CHa 

Hexahydrophthalic 

anhydride. 


Preparation 34. 


7r 1 
! W 

• -j 


’ I 
■ 'i 




Ethyl Tartrate. — The speculations of Pasteur (i860) on the 
cause of the optical activity and hemihedry of tartaric acid and 
its salts, and of Wislicenus (1873) on the existence of three 
lactic acids, have developed in the hands of Van’t floff and 
Le Bel (1874) into the present theory of stereo-chemistry or 
atomic space arrangement. Optical activity is found to be in- 
variably associated with the presence in the substance of an 
asymmetric carbon atom, i.e. one linked to four different groups. 
Now every asymmetric (unsynimetrical) object like a hand or 
foot has its fellow ; but the two do not precisely overlap, and 
every substance containing an asymmetric carbon atom, round 
which the four groups are distributed, not, as usually repre- 
sented, in one plane, but in space of three dimensions, is 
capable of existing in two forms, which correspond to a left and 
right hand, or to an object and its reflected image. 

This is represented by making the carbon atom the centre ot 
a tetrahedron and attaching the four different groups to the 



B C C B 


four solid angles. The two forms will then appear as in the 
Fig., in which ABCD represent four different groups. When 
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usin;^' acUial inocU'ls, it will he found that they cannot be turned 
so as to coincide until two of the LjToups in one model have been 
interchanited. 

'riu‘ main difference ])etween two such su))stanccs lies in their 
action on polariscul lii^ht, tlie one turning- it to the right (dextro- 
rotatory) and the other to the left (lacvo-rotatory), when in the 
li([uid or dissolved state. Although every optically active sub- 
stance contains at least one asymmetric carbon atom like amyl 
alcohol and malic acid, or two like tartaric acid (the asymmetric 
carl)on is represented in heavy type), 


('ll, 

I 

(',11, C 11 

{'ii.y )!! 

Aftivf am\'l alcdhol. 


I 

no - c -n 
I 

('( H IM 
Malic acitl. 


H 

I 

no— c—cooH 

iio-C-coon 

I 

n 

'l artaric acid. 


the conv('rs(' does not always hold ; for there arc many com- 
poiutds which possess an asymmetric carbon atom and show no 
rotation. 'Pin* ('ause of this may be, cither that the sul:)stance is 
a. mixtiin‘ of e({iial ((uantities of the two forms, which by having 
opposite; rotations neutralise each other’s effect as in the case of 
racemic acid, whi('h consists of et[ual quantities of dextro- and 
hu'vo-tartaric acid and prodiuxis what is termed “external com- 
{)(‘nsation,” or the two similar asymmetric carbon atoms exist 
within the same; m<)l(‘(‘uU; and neutralise each other’s effect by 
“inl(*rnal compemsation,” as in the case of mcsotartaric acid. 
I'Al(*rnal coinpemsation is gemcrally exhibited by artificially 
pn‘par(‘d compounds as distinguished from natural products. 
'Phus, giyceri(’ acid from glycerol is inactive, though it contains 
an asymimdric (’arl)on atom, 

CTP.OTl 

I 

H- , 

I 

COOH 


l)ecau.se it consists of a mixture of dextro- and lacvo-glyceric 
acid in eepial ({uantities, whereas tartaric acid, which occurs in 
gra{)es, malic acid, which is ol)tained from mountain ash berries, 
and also the sugars, terpenes, alkaloids, and a number of other 
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natural products are all active. One of the great achievements 
of Pasteur in this line of research was the separation of inactive 
“externally compensated” compounds into their active com- 
ponents or “optical antipodes” or “ enantiomorphs.” One 
method of separation is described in Prep. 35. For details of 
other methods a book on stereo-chemistry must be consulted. 

On the formation of ethyl tartrate, see notes on Prep. 15, p 247- 
Ethyl tartrate may also be obtained by the method described 
in Prep. 86, which rather curtails the operation and does not 
necessitate the use of more than half the c|uantity of ethyl 
alcohol required by the earlier process. 

Preparation 35. 

Racemic and Mesotartaric Acids.— -These two acids 
represent two inactive types of compounds containing asyi?i 7 neMc 
carbon atoms (see above). Apart from certain well-marked 
differences in physical properties they also differ in one 
important feature ; racemic acid can be resolved into its optical 
enantiomorphs, whereas mesotartaric acid cannot. The latter 
belongs to what is termed the inactive indivisible type. If we 
examine the structural formula of tartaric acid it will be seen 
that it possesses two asymmetric carbon atoms, denoted in the 
formula by thick type. 

H 

I 

HO— C~COOH 

I 

HO— C-COOH 

I 

H 

Each asymmetric carbon atom is attached to similar groups. 
Let us suppose that each asymmetric carbon with its associated 
groups produces a certain rotation in a given direction. We 
mayimagine the following' combinations of two similarasymmetric 
groups. Both produce de.xtro-rotation, or both produce laevo-ro- 
tation. They will represent the dextro and laevoenantiomorphs, and 
the mixture of the two will produce inactive racemic acid. Racemic 
acid is said to be inactive by external compeiisation. Suppose, 
finally, that the two asymmetric groups produce rotation in 
opposite directions. They will neutralise one another. The 
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resulting com])ouncl will be inactive by inter?7al co7?ipe7isaiio7t. 
Such a compound cannot be resolved by any process into its 
active components. Hie above compounds may be represented 
by the following projection formula, in which the groups must 
be assumed to occui)y three-dimensional space (the asymmetric 
carbon atoms being denoted by cross-lines), 


('noil 


cooil 


OH 

i 

. -ir 

H 

-OH 

H- 

H- 

on 

j 

Oil— 

— H 

II— 


coon 

( 

::ooH 

c 

d. '1 

’'.‘irlaric acid. 

Turtaric :icid. 



Kucfinic acid. 


coon 


—OH 


Mcsotartaric acid. 


The conversion of active tartaric acid into the inactive forms 
is known as }'acc/ 7 US(tiio 7 i^ and according to Winthcr is eftected 
by tlu^ int(!rchanj4(‘ of the groups round each asymmetric carbon 
atom successively so that part of the active acid is first con- 
verted into mesotartaric acid, which then passes into the laevo 
variety, 


I'KKPARA'nON 37. 

Citraconic and Mesaconio Acid.— The theory of Lc Bel 
and Van’t Hoff has been extended to unsaturated compounds 
lik(‘ fumaric and maleic and the above two acids, which form 
isonuu-ic pains. 'Fhese two pairs of acids bear a close resemblance. 
It has already beem observed in the course of the preparation 
that ('itraconic is readily converted into incsaconic acid. More- 
over, th(;y both yield i)yrotarlaric acid, on reduction, but only one, 
citraconic acid, forms an anhydride. Maleic acid in the same 
way is easily converted into fumaric acid by bromine, both 
maleic and fumaric acid yield succinic acid on reduction, but 
only maleic acid forms an anhydride. The explanation is as 
follows : in each pair of compounds there exists two carbon 
atoms linked to one another by a double bond and each attached 
to two different groups. Van’t Hoff refers the isomerism of each 
pair to a space arrangement, which may be represented by 
sui)posing two tetrahedra to be joined by a common edge. 
As the centre of each tetrahedron is occupied by a carbon atom, 
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and the four bonds are directed towards the four corners of 
the tetrahedron, this space arrangement will correspond to a 
doubly-linked carbon. If the two spare corners of each tetra- 
hedron are now occupied by different groups, it is possible to 



produce two forms by transposing one pair of groups. Suppos- 
ing A and L to represent two different groups, the above forms 
will result. 

The two pairs of acids will be represented as follows 



Fumaric acid. Maleic acid. Mesaconic acid. Citracunic acid. 


Isomerism in this case is not characterised l^y optical activity, 
as the groups lie in one plane and no structural asymmetry is 
possible ; but is exhibited by such physical differences as solu- 
bility, melting-point, electrical conductivity, and by the fact that 
in the case of dibasic acids only one of the pair yields an anhy- 
dride. Maleic and citraconic acid form anhydrides, but fumaric 
and mesaconic acid do not. In the case of the acids which form 
anhydrides, the carboxyl groups are supposed to be nearer 
together, i.e. on the same side {as) of the molecule, in the other 
case on opposite sides (tracts) of the molecule. Maleic and 
citraconic are “ cis acids, fumaric and mesaconic are “trans” 
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arids. 1 1]<‘ follow labU* i^i\a‘s the various physical proper- 
ties, solnl)iruy, int'Uiui^-poitil, and dissociation constant K of the 
two pairs of acids. 


MaU'ic . . 
I-'iiinaric . 
C'itniconic 
M <,‘sac< Miic 


vt'iy soluhle 
much less soluble. 

very soluhle. 
much U*ss soluhle. 


M.l>. 

130" 

su])limes at 200° 
So"" 

202® 


K. 

I-I7 

‘093 

■340 

•079 


Preparation 38. 


Urea.'—In addition to the method described in the prepara- 
tion, urea may l)e obtained by the oxidation of anhydrous 
potassium ferrocyanide with potassium bichromate (Williams), 
or maiiRaiK'sc' dioxid(‘ at a nal heat, or by the action of per- 
manganate on a ('old solution of ])otassium cyanide (V'olhard). 
It has Ihuti syntlu'sist'd by the action of ammonia on (i) phos- 
Lteiua (.p) urethane, (3) chloroformic ester, and (4) ethyl carbonate. 


1. ('( n\ I 4N11.; N1I..O ).Nno I 2 NiIjCi. 

2. Nn,;.('()()('.;ib, I Nil.. Nn...c:().Nii._, -f an., on. 

3. (’!(’( KKhll.^ I 3NI!., - NII.,.CO.Nn,, T CJlloil I Nip^Cl 

4. COiOtblh.b f 2NII.. - NIL.CO.Nllo -!- 2C.JI.,OII. 

also (5) by th(‘ action of dilute acid on cyanamidc, and (6) by 
h(*atin^t Ruanidine witli dilute sulpluiric acid or baryta. 

5. (.:NNII,> 1 11 ./) - Nlh.CO.NlIo. 

Nil :(:(NII,.).2 i II, .0 NII.J.CO.NIL, 4 NIL,. 

'riH‘ synthesis of urea by W(’)hlcr in 1828 is usually rcj^ardecl 
as a. lui:ninR-point in llu^ history of orj^'anic chemistry, when 
orp;anic compounds (“eased to be merely products of a vital force, 
ass()eiat(‘d with li\'in‘4' animals and ])la.nts. 'fhey now assumed 
for the first time' tin indc'pendent re/c as sub.stanccs capable of 
synthesis by orclintiry clumiical means. In point of fact this is 
not strictly true, for Scheele had prepared oxalic acid, only" 
])reviously known in wood sornd and other plants, from cane 
suf^.'ir, tind I)()l)er(rmer liad obtained the formic acid of ants by" 
lluioxidtition of t.'irtJirie ticid. 'riic formation of urea offers an 
interesting.^’ (example of intnimoliicular change of which many 
cases are now known. See the formation of l)enzidine from 
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hydrazobenzene (Prep. 51, p. 148) and aminoazobenzene from 
diazoaminobenzene (Prep. 70, p. 172), 


Preparation 39, 

Thiooarbamide. — This is an example of a i^eversible 
reaction, in which either ammonium-thiocyanate or thiourea 
when heated yields the same equilibrium mixture. It maybe- 
shown by melting a little thiourea for a minute, when the 
presence of thiocyanate is indicated by the addition of FeCL,. 


Preparation 41. 


Alloxan. — The decomposition of uric acid into alloxan and 
area renders the constitution of alloxan of value in elucidating 
the structure of uric acid. The constitution is derived from the 
following facts : Alloxan is decomposed with caustic soda or 
potash into inesoxalic acid and urea, and with hydroxylamine it 
combines to form violuric acid, which points to the presence of 
a ketone group (Raeyer). Barbituric acid and nitrous acid 
also give violuric acid, and seeing that barbituric acid has 
been synthesised from malonic acid and urea by the action of 
phosphorus oxychloride (Grimaux), it is unquestionably malonyl 
urea. The relationship of these substances must therefore be 
represented as follows : 


NH— CO 

I I 

CO CO 

I I 

NH— CO 

Allo.xan. 


NH—CO 

i : 

CO C:NOH 

I I 

NH—CO 

Violuric acid. 


NH—CO 

I I 

CO CHo 

I I ■ 

NH—CO 

Barbituric acid. 


A renewed interest attaches to allo.xan since E. Fischer’s dis- 
covery of the new synthesis of uric acid. The steps in the 
synthesis are briefly the following. Alloxan and ammonium 
sulphite form thionuric acid, which is decomposed by hydro- 
chloric or sulphuric acid into uramil. 


NH—CO 

1 i 

CO CO 

I I 

NH—CO 

Alloxan. 


NH—CO 


I i 

CO o 

I I 

NH—CO 


\ 


NPIo 

SO,H 


Thionuric acid. 


NH—CO 

I I 

■> CO CH.NH.. 

I I 

NH—CO 

Uramil. 
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Uramil and potassium cyanate unite to form potassium pseudo- 
urate, 


NH-CO 


Nil— CO 


CO ClINH, + OCNK = CO CH.NH.CO.NHK. 

II II 

NH— CO Nil— CO 

Potassium pseudourate. 


When free pseudouric acid is heated with 20 per cent, hydro- 
chloric acid it yields uric acid, 


NH- CO 

I I 

CO CH.NH.CO.NIIo 

I 1 

NH— CO 

P.seudouric acid. 


NH— CO 

1 I 

= CO C— Nil 

I II / 

NH— C— NH/ 

Uric acid. 


CO + H, 0 . 


Other synthetic methods arc also known for which a book of 
reference must be consulted. 


Preparation 42. 

Caffeine. — The close relationship existing between uric acid 
and caffeine has long suggested the possibility of converting uric 
acid, a comparatively plentiful material, into caffeine, an important 
and costly drug, occurring only in small quantities in tea and 
coffee. The problem has been solved by E. Fischer, who has 
succeeded in synthesising caffeine in a variety of ways. Fischer 
found that by using the same series of processes as described 
above in the synthesis of uric acid, but substituting dimethyl- 
alloxan for alloxan, and methylamine sulphite for ammonium 
sulphite, trimethyl uric acid is formed, and is identical with 
hydroxycaffeine, 

CPLN CO 

I I 

CO C-NfCHg) 

I II > • 

CPIgN C— NH 

Tritnethyl uric acid (Hydro.xycaffeine). 

PI ydroxy caffeine is converted into caffeine by acting upon it 
with a mixture of phosphorus pentacliloride and oxychloride. 
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This forms chlorocafFeine, which is then reduced with hydriodic 
acid to caffeine, 


CH,N- 


-CO 


CO C~N{CH3) 

II ^ 

CHyN C— N 

ChlorocafFeine. 


CH 3 N CO 

I I 

CO C— N(CH.j) 

! 1 >ch' ■ 


Caffeine. 


The same result may be obtained in a simpler way l^y 
nethylating- uric acid, and converting it into trimethyluric acid 
and then into caffeine ; or by preparing the mono- and di-mcthyl 
derivatives of uric acid, reducing these to the corresponding- 
mono- and di-methylxanthines and introducing aclditional 
methyl groups into the product. 


Preparation 44. 

Tyrosine, Leucine. — It has long been known that mineral 
acids and alkalis possess the property of breaking up allouniinoid 
substances and resolving them into the simpler amino-adds. 
The recent introduction by Fischer of a method of separating 
the amino-acids by converting them into volatile esters followed 
by fractional distillation invacuo\i7x.% led to the recognition of the 
wide distribution of such acids as alanine, serine, and phenyl- 
alanine, and to the discovery of two cyclic acids, pyrrolidine- 
carboxylic acid and hydroxypyrrolidine carboxylic acid. Tlie 
following is a list of amino-acids from albuminoid substances 
which have been separated by fractional distillation of their 
esters under reduced pressure : 


Ethyl ester. 


Glycocoll 

Alanine 

Aminoisovaleric add . 

Leudne 

Aspartic add .... 
Glutamic add . . . . 
Phenylalanine . . . . 


b. p. 


5J*5“-52‘5° 

48-5“ 

63 •5° 

I 83-5“ 

i 126*5^ 

I 139 — 140° 

i 143" 


Pressure in mm. 


10 

10 

8 

12 

II 

10 

10 
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Preparation 45. 

Grape-sugar. —Although grape-sugar yields neither a bi- 
sulphite compound nor gives Schiffs reaction under ordinary 
conditions, its properties are for the most part those of an 
aldehyde. In addition to its reducing action on copper and 
silver salts, and its combination with phenylhydrazine, it forms 
an oxime with hydroxylamine and a cyaiihydrin with hydro- 
cyanic acid. On reduction it gives the hexahydric alcohol 
sorbitol, and, on oxidation, the corresponding monobasic acid, 
giuconic acid, and the dibasic acid, saccharic acid, 

ClIo0II(ClI01I),C00H. COOH(CHOPIhCOOH. 

Gluconic acid. Saccharic acid. 

The presence of five hydroxyl groups in glucose is determined 
by the existence of a pentacetyl derivative. These and other 
facts, which cannot be discussed in detail, have led to the adop- 
tion of the present formula. The discovery of the optical 
antipode of grape-sugar (which is dextro-rotatory) has deter- 
mined the present name of dextro-glucose to distinguish it from 
laevo-glucose, which is laevo-rotatory. For the synthesis of 
these two sugars and the other mono-saccharoses, a text-book 
must be consulted. 

The other common sugars, which reduce alkaline copper 
sulphate, arc fructose (laevulose), galactose, maltose and milk- 
sugar, the two latter being disaccharoses. They are most 
readily identified by the microscopic appearance and melting- 
point of their phenylosazones. Cane-sugar is readily dis- 
tinguished from the majority of the common sugars by its 
indifference towards alkaline copper sulphate, until previously 
boiled with a few drops of dilute sulphuric acid. It is then 
inverted and gives the reactions for glucose and fructose. 

Pri^'.paration 46. 

Bromobenzene. -The replacement of hydrogen by the 
halogens Cl and Br, in the nucleus of aromatic hydrocarbons, is 
assisted l)y the presence of a “ halogen carrier,'' the action of 
which has been referred to in the Note on the preparations of 
chlor- and brom-acctic acids, p. 252. Iodine, iron, iron and 
alupiinium chlorides and bromides, the aluminium-mercury 
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couple, and pyridine all behave in this way. The action of 
iodine has already been explained on p. 252, Iron and its salts 
are supposed to act by alternately passing from the ferrous to 
the ferric state, the ferric salt delivering up its halogen in the 
nascent state, 

2FeBr2 + Br2 = 2FeBra. 

FeBrg = FeBr2 + Br. 

The action of aluminium audits compounds is not fully under- 
stood. Pyridine probably acts by the intermediate formation of 
the perbroinide, as explained. 

Unless a large excess of the hydrocarbon is present, the 
action of the halogen will effect the substitution of a Second 
atom of hyrogen. By increasing the proportion of halogen, 
all the hydrogen may be ultimately replaced by chlorine or 
bromine. The second halogen atom enters the ortho- and pai'a- 
positions, never the meta. Another kind of compound is 
obtained if the halogen is allowed to act in presence of sun- 
light. In the case of benzene, the additive compounds, benzene 
hexachloride and hexabromide, are then formed. They are very 
unstable compounds, and readily give off hydrochloric and 
hydrobromic acid. If boiled with alcoholic potash they are de- 
composed, forming trichloro- and tribromo-benzene, 

CelicCle + 3KOII = QH3CI3 + 3KCI -{- 3IL.O. 

If chlorine and bromine are allowed to act upon an aromatic 
hydrocarbon like toluene, which has a side-chain, substitution 
may occur in the nucleus or the side-chain, according to the 
conditions. Generally speaking, in the cold and in presence of 
a ‘‘halogen carrier,” nuclear substitution occurs, but at a high 
temperature the halogen passes into the side-chain (see Prep. 

86, p. £94)- 

The halogen derivatives of the aromatic hydrocarbons, like 
those of the aliphatic series, are colourless liquids or solids, 
denser than water, and possessing an agreeable smell, unless 
the side-chain is substituted. The latter substances can often 
be distinguished by their irritating action on the eyes and mucous 
membrane of the nose (see Prep. 86, p. 194). 

The halogen in the aromatic nucleus is much more firinl}^ 
fixed than in the case of the aliphatic compounds, e.g. bromo- 
benzene is quite unaffected by most of the reagents which .act 
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upon ethyl bromide. The presence of ^w/r^-groups, however, 
disturbs this stnbility, and the halogen in a substance like 
dinitrochi()r()l)enzene is readily replaced by hydroxyl with 
potash, or by N I h, with ammonia. When the halogen is in the 
side-chain, the substance behaves like an aliphatic compound. 


Preparation 47, 

Ethyl Benzene. - “ Fittig’s reaction,” so-called from its 
discoverer, is analogous to the synthetical method employed by 
Wurtz for the preparation of the aliphatic hydrocarbons, as in 
the formation of Imtaiie from ethyl bromide, 

2(:.,Il..br -1 2Na CVl,,, -1- 2NaBr. 

In the case of the aromatic hydrocarbons, a second sidc- 
cliain may l)e introduced from a' dibromo-dedvative cither 
simultaneou.sly with the first, or subsequently by a rei)ctition of 
the process. both dibrornobenzcnc and monobromotolucnc 
may be converted Into xylene. 

('(.ll.ibro !- 2CI1;.I I qNa - ( ',in.t(Fl -I- 2Nubr -I- 2NaL 

( 'dl.iIh-CII, P ClI;;! 1 2Na ::: ( V, 1 1 ‘P Na I -P Nabn 

'fhe action also takes ])lace between aromatic hydrocarbons 
substituted either in the nucleus or side-chain. bromobenzcnc 
yields diphenyl, wliereas benzyl bromide yields dibenzyl, 

2(;;II,br I- 2Na C„ll,.CVtc -I* sNabr. 

2(;.II,(:n,Hr p 2Na Qn,.Cir.^.Cll.,.C,jirr, -l- 2NaBr. 

d'his reaction does not, however, occur with the same readiness 
in all cases, nor does it always yield exclusively the anticipated 
product. Para-bromotoluene and sodium give tolyl plienyl 
methane and dilienzyl as well as ditolyl (Weilcr). Again, 
liromotoluene gives a good yield of /-xylene, the ortho-compound 
reacts sluggishly, whilst the meta-derivative gives no xylene. 
Occasionally the action is vigorous, and has to be moderated by 
dilution with an indifferent solvent. At other times it is sluggish 
and has to be |)romoted by raising the temperature. Often the 
atldition of a little ethyl acetate will start the decomposition. 
For the synthesis of some of the aromatic hydrocarbons, it is 
preferable to use the Friedel-Crafts’ reaction (sec Prep. 102, 
]). 214;). 

COHEN^S ADV. F. O. C. 
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Preparation 48 

Nitrobenzene. — The formation of nitro-compounds, by the 
action of strong nitric acid on the hydrocarbon, is a distinctive 
property of aromatic compounds, although recent researches 
have shown that dilute nitric acid under pressure will convert 
some of the paraffins, especially the tertiary hydrocarbons, into 
mono- and di-nitro-derivatives. The production of nitro-com- 
pounds is usually effected by strong or fuming nitric acid, or 
solid potassium nitrate, in presence of cone, sulphuric acid. 
Where the action is vigorous, as in the case of the phenols, it 
is necessary to use moderately dilute acid. The number of 
hydrogen atoms replaceable by the nitro-group (NO2) is limited. 
In benzene the first nitro-group is introduced with great ease, 
the second less readily, and the third with some difficulty. The 
position taken up by the nitro-groups may be briefly stated as 
follows : When a negative group (nitro, carboxyl, cyanogen, 
aldehyde) is already present, the nitro-group enters the meta- 
position to the first group. In the presence of other groups 
(alkyl, hydroxyl, halogen, amino), the nitro-g-roup attaches itself 
to both ortho- and para-positions. Benzoic acid and benz- 
aldehyde give, on nitration, mainly meta-compounds, whereas 
toluene, phenol, and aniline form simultaneously ortho- and 
para-derivatives. 

Nitro-compounds have often a yellow or red colour, are with 
difficulty or not at all volatile, possess a much higher boiling- 
point than the corresponding halogen derivatives, and are 
denser than water, and insoluble in that liquid. 


Preparations 49 — 51. 

Azoxybenzene, Azobenzene, Hydrazobenzene.— ■ 
Nitro-compounds yield a series of reduction products accordingto 
the nature of the reducing agent. Alkaline reducing agents : 
sodium methylate, zinc dust and caustic soda, stannous chloride 
and caustic soda, produce azoxy, azo- and hydrazo-compounds. 


QH5NO2 QHgNR 

I >0 

QHgNOo QH.N/ 

Nitrobenzene. Azoxybenzene. 


Q115N QH5N11 

II I 

Azobenzene. Hydrazobenzene. 


The sodium methylate acts as a reducing agent by taking up 
oxygen and forming sodium formate. 
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In the preparations, the nitrobenzene is converted by suc- 
cessive steps into azoxy-, azo- and hydrazo-benzene ; but, by 
suitably modifying the conditions, the intermediate steps may 
be omitted. Thus, nitrobenzene may be converted with alcoholic 
caustic soda and zinc dust directly into hydrazobenzene. 

If the reduction of nitrobenzene takes place in neutral 
solution with zinc dust and water in presence of a little calcium 
or ammonium chloride, or with aluminium-mercury couple and 
water, /::i-phenylhydroxylamine is formed (see Prep. 52, p. 148). 

C0M5NO., + 2H0 = QHgNIIOH + Pip. 

Reduction in acid solution produces an amine (see Prep. 53, 
p. 149). The mechanism of the change, although giving rise to 
such different products when carried out in alkaline, neutral, or 
acid solution, is not essentially different in the three cases. The 
first reduction product is nitrosobenzene, CoH^NO, followed by 
that of /iJ-phehylhydroxylamine. In alkaline, solution the two 
compounds unite with elimination of water to form azoxybenzene, 
which may undergo further reduction in a normal fashion giving- 
rise to azo- and hydrazo-benzene. In acid solution, on the 
other hand, p.henylhydroxylamine does not combine with nitroso- 
beiizene and can then undergo further reduction. The reduction 
of nitro1)cnzene in alkaline and neutral solution is also effected, 
as already described, by electrolysing the liquid in contact with 
the negative electrode. If the process is conducted in presence 
of concentrated sulphuric acid y^-aminophenol is obtained 
(Gattermann). The latter is produced by intramolecular change 
from phenylhydroxylamine, which is first formed, 

CuIIjjNHOII = OIIQII4NH.,. • 

Azobenzene, though not a colouring matter, may be regarded 
as the mother substance of the large family of azo-colours, 
which are, however, prepared by a totally distinct method, viz., 
by the action of a diazo-salt on a phenol or base (see Prep. 62, 
p. 163). The intramolecular change from hydrazobenzene to 
benzidine is one of great technical importance. The change 
occurs by the transfer of the link between the two nitrogen 
atoms to the two carbon atoms in the para-position, 

/ Nn<( ^ ^— <( ^NHa- 

* 't.3 
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If one of the nuclei of hydrazobenzene is already substituted 
in the y 5 <'?nz-position, the reaction may give rise to diphenylamine 
derivatives, which are known as ortho- or para-semidines 
(Jacobson), 



Para-semidine, OrLho-semidine. 


Benzidine and its homologues are used in the manufacture of 
valuable azo-colours, co 7 tgo-red^ beiisopurpitrin^ &c. (see p. 291). 

Preparation 52. 

Phenylhydroxylamine. —The necessity for conducting 
the reduction of nitrobenzene in neutral solution has been 
explained in the previous note. In addition to the reagent 
named in the preparation, the aluminium -mercury couple in 
presence of water or ammonium sulphide in alcoholic solution 
may be also used. The conversion of nitrobenzene into 
T^-aminophenol on electrolysis in acid solution will also be 
evident from the fact that phenylhydroxylamine readily under- 
goes isomeric change. Phenylhydroxylamine reacts with 
nitrous acid, forming a nitroso-derivative, 

QiligNIIOII -F IINOo = QiHoN(NO)01I + 

It also condenses with aldehydes iif the following way : 

CeHsNHOH + CfilisCHO = CJIr,N — CILCoIIs* 

O 

Nitrosobenzene, which shares the general character of nitroso- 
compoLinds in giving- i*ise to a green vapour or solution, is 
readily reduced to phenylhydroxylamine and aniline. It 
condenses with amino-compounds, yielding azo- or diazo- 
derivatives. 

CfiH.NO + HoN.C«H,, = CJT 5 N = N.C,ir., + IL,0. 

CetlgNO -t- H 2 N.OH = QIJ 5 N = N.OH -h lip. 
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Preparation 53. 

Aniline. —The reduction of a nitro-compound in an acid 
solution is a very general method for preparing primary amines. 
For laboratory purposes it is customary to use tin and hydro- 
chloric or a solution of stannous chloride crystals (SnCl2T2HoO) 
in cone, hydrochloric acid or zinc dust and acetic acid. The 
manufacture of aniline on the industrial scale is effected by 
means of iron borings and hydrochloric acid ; but of the latter 
only a fraction of the theoretical quantity, required by the 
equation Fe + 2HCI = FeCl2 + H2, is employed. The main 
reaction is probably represented by the following equation, 
Q5II5NO2 + 2Fe + 4H.P = QITsNM^ + 

When the base is volatile in steam, as in the present case, 
the simplest method of separation is to add an excess of alkali 
and to distil in steam. Otherwise the base maybe separated 
by shaking out with ether, or the tin may be precipitated in the 
warm solution by H2S and the filtrate evaporated to dryness. 
If the compound contains more than one nitro-group, the 
reduction is carried out with one of the above reducing agents 
in the manner described, but if it is necessary to reduce only 
one of the nitro-groups, it is effected by the action of HoS in 
presence of ammonia (see Prep. 58, p. 1 54). Another method, 
which may also be used for determining the number of 
nitro-groups, is to prepare an alcoholic solution of the nitro- 
compound, and to add an alcoholic solution of the calculated 
quantity of stannous chloride. In this way the reduction of the 
groups may be carried out in succession and estimated. 

The aromatic amines are colourless liquids or solids, which 
may be distilled without decomposition. Although they form 
salts with acids, they are much weaker bases than the aliphatic 
amines owing to the negative character of the phenyl group. 
The salts have an acid reaction to litmus, whilst the free bases 
are neutral. The neutralisation of an aromatic base by acid is 
usually determined by the use of methyl violet, magenta, or 
congo-red paper. The first is turned green, the second colour- 
less, and the third blue by free acid. 

Aromatic amines, containing the amino-group in the side- 
chain, have the basic character and properties of aliphatic 
arrfines. 
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Preparations 54—55. 

Acetanilide, Bromacetanilide. — Primary and second- 
ary bases form acetyl derivatives with acetic acid, acetyl 
chloride, or acetic anhydride (see Reactions, pp. 76, 77)* 

Tertiary bases are unacted on in this way. As the acetyl 
derivatives are much less volatile than the original bases, the 
method is frequently used for separating a tertiary base from 
mixtures containing the other two (see Prep. 59, p, 156). The 
anilides are very stable compounds ; they can be distilled, as a 
rule, without decomposition, and may be directly ]:)rominated, 
chlorinated and nitrated. In these reactions, either the ortho- 
01* para- or both derivatives are formed. The remaining 
hydrogen atom of the amino-group may be replaced by ( i ) a 
second acid radical, by the action of acetic anhydride, (2) 
sodium, by the action of the metal, (3) a nitroso-group, with 
nitrous acid, and (4) chlorine or bromine, by the action of hypo- 
chlorous or hypobromous acid. 

CfiH5N(CO. CIT>).> Diacetanilide. 

QjHsNNa.CO.CIL, Sodium acetanilide. 

CgHgNfNOlCO.CHo Nitrosoacetanilide. 

QjIIsNCl. CO.CH3 Acetchloranilide. 

The mechanism of the change effected in producing substitu- 
tion products by halogens appears to occur in two steps, the first 
being the addition of a molecule of halogen, probably to the 
nitrogen, the second being an isomeric change accompanied (if 
water is present) by the elimination of halogen acid. 

CoITg.NII.C2lL.O + Br., = C,.Il5NH.CoH,0 

/\ 

Br Br 

QH5NHBr2.CJL>0 CaII4BrNIT.CoIbO.IIBr. 

All the anilides are hydrolysed by strong mineral acids or 
alkalis and the acid radical removed (see also Beckmann’s 
reaction, Prep. 100, p. 212). 

Formanilide is 2. tcmtojnerzc compound, i,c,, it reacts as though 
it possessed the alternative formula:, 

CaPbNrdhOH) CaHgNH.CO.H, 

for it yields two isomeric ethers, the one, by the action of 
methyl iodide on the silver salt, and the other by the action of 
methyl iodide on the sodium compound (Comstock). Acet- 
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aniIi<E‘ is known in j)]inrnia,cy as antifebrin, and is used as an 
antipyretic. 

I ‘ k KPARA'I'K )N.S 57—58. 

xn-Dinitrobenzene. In the Notes on Prep. 48, p. 274, 
it is mentioned tlia,t the second nitro-j^roiip enters the meta- 
position to the first. 'Phis is usually the case where two 
arid ,4roups are succ'cssively introduced into the hydrocarbon, 
'fluis, l)('nz(‘nedisul phonic acid, obtained by heating benzene 
sulphonic' acid (see Prcj). 74, ]). 177) with faming sulphuric acid, 
is a meta-compound. 

ni-Nitraniline. — 'fhe reduction product of ;;^-dinitrobenz- 
em^ is naturally w-nitraniline. The o- and /-nitranilines can 
he. obt aim'd by ac'ting upon aniline or, preferably, acetanilide, 
with fuming nitri(' acid. 

Whereas IhcDirst nitro-group of a tri- ordi-nitro derivatives is 
rapidly and ('omphhc^ly reduced by ammonium sulphide, the 
stMond is very slowly attac'ked. 'Phe rate of change appears to 
he (h'termimal mainly by the acidic nature of the molecule as a 
whole, the halogens and carboxyl playing a similarnVc to that of 
the nitro-group. In all these cases hydrox^damine compounds 
are produced as intermediate products. 


PkKPAR.vrroN 59. 

Dimethylaniline. — It is a well-known ^fact that the alkyl 
halides ('onvert the ])rimary amines into secondary and tertiary 
bases (Hofmann). The formation of dimethylaniline is prob- 
ably (liu‘ to tint action of CPP{C 1 , which is formed, as an 
int('rmediat(i prodiu'l, l)y the action of hydrochloric acid on the 
methyl alcohol. 'Pherc is always a small quantity of mono- 
methylanilinc', I ICl bs, produced at the same time. The 

three bases cannot well be separated by fractional distillation, 
as their boiling points lie too near together, 


Aniline 180". 

Methyhinilinc 192'^* 

Dimethylaniline 192°- 


It is for this reason that the action of acetic anhydride is 
utilis(al, which only unites with the primary and secondary base. 
Diiiielhylaniline is a weak base, which, like aniline, is neutral 
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to litmus, but gives no stable salts. It is used in the prepara- 
tion of malachite green (benzaldehyde green) by heating 
together dimethylaiiiline, benzaldehyde, and solid zinc chloride. 
The product (leuco-malachite green) is then oxidised with lead 
peroxide and hydrochloric acid (see p. 216), 


HC 


/QJL 




O 


CcH 4N(CH3)2 

C«Il4N(CHd2 


ycji, 

-> HCfC,dl4N(ClI,)o 
\c,U,N{Clk): 

Leuco-malachite green. 


. -> IIOC^C6li4N{CH3).> 

\CoH4N(CI-L5).2 

Base of malachite green. 

The latter, in presence of the hydrochloric acid, is converted 
into the hydrochloride, 


yC.Ur, 

r'/ T T 1 


/QH,, 

0/ -LT 1 


HOC^Q_h"N(CH,,) 2 + HCl = C^C,;H4N(CH;,)2 


■Co'H4N(CH3): 


+ HoO. 

Hydrochloride of 
malachite srreen. 


Dimethylaniline is also used for the preparation of tetra- 
methyldiaminobenzophenone(Michler’s compound), which forms 
the basis of many colouring matters, and is obtained by acting 
upon dimethylaniline with phosgene (see p. 314), 

.CaH4N(CIL,)o 

COCI 2 + 2 C 6 H 5 N(CH.j)o = OC< + 2 HCI. 

\C6l-l4N(CH,)o 

Michler’s compound. 


Preparation 60. 

Nitrosodimethylaniline.— It is a peculiarity of the 
tertiary aromatic amines, which distinguish them from the 
corresponding aliphatic compounds, that they are capable of 
reacting with nitrous acid. Here the nitroso-group replaces 
hydrogen in the para-position to the dimethylami no-group. 

The substances, thus formed, are bases, and form salts with 
acids, which dissolve in water with a yellow colour. The solu- 
bility of the hydrochloride of the nitroso-bases in water 
distinguish them from the nitrosamines of the secondary bases^ 
which are insoluble. . • 
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NitrosodiiiK'thylaiiiline is readily oxidised to nitrodimethyl- 
' I niline. 

It is all inhs'csiini^ fart that the nitrosamines of the 
^^tM'ondary ])as(‘s uiaU'rito iriolecular chanf^e when acted on 
\,\"ith alcoholic hydrochloric' acid. 'I'lie nitroso-<>trou}) is tlicreby 
1 ransferred to the para-position in the nucleus (O. Fischer), 

('„II,N(N())(:iI, ~ NO.C.II.j.NIICII;,. 

I he para-nil roso den\'atives of both secondary and tertiary 
rmniiK^s art‘ decomposed with caustic soda into nitrosophcnol 
riiid alkylainhus 

I b(‘ formation of methylene blue may be explained as 
rtjllows: by the ac'tion of aminoniuin sulphide on nitroso- 

< rum'thylanihiu^ the nilroso-orou]) is reduced to an amino- 
j,j;roiip. 'Two molecultts of /-aminodimethylaniline then coml)ine 
svitb tiu‘ eliminatiott of ammonia to form a diphenylamine 

< b*ri\ ali\c, 

II ; 1 1 N( ',.1 1,N(CI b.)o 

(f d bd“Nx:,i r,. Nd 1 x;.r I,,N(CI yo. 

'The sul}>hur of tlu‘ hydrot^am suyhitkj then (utters the mole- 
<'ule under the* oxi<hsint» influence of the ferric chloritht, forming 

thiodiplnmylamine d(u'ivativ(,‘, 

n u 

N (hii.,N{(:ib,).,a 
II 

S I! 

( ) 

-(Cll:,),NQIla.N:QII:,:N(CH;,b('l, 

McUtylfiir 

PRKI’A RATION hr. 

Thiocarbanilide, Thiocarbimide, Triphenylguan- 
idino.- W’henuis carbon bisnlj)bid(‘ reacts willt aromatic antino- 
compounds yi<‘ldint 4 a thiocarbanilide, with jtrimary aliphatic 
amim‘s tin* nsaclion lakes a different course and thiocaiitainatcs 
tin' produced, 

SlI.Nn.,.ChU 

cs., 1 2 ('jb,NH.. ^ scr' 

• 'NILCJIb 


((’ib,bNF,dh, 
11 
11 ^ 
( ) 
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The product can, however, be converted into the mustard oil 
by treatment with a metallic salt which removes hydrog'en 
sulphide. 

/SILNII0.C0II5 

SC< " “ = IIoS + NIL. Coil, -f- SCrNCoHo. 

^NILCoHs 

Among- the reactions appended to this preparation, the for- 
mation of phenylcarbimide from phenyl mustard oil is described. 
It should be noted that phenyl carbimide, like the thiocarbiniide, 
unites with ammonia, amines, and more especially with alcohols 
and phenols. The bases yield urea derivatives ; the alcohols 
and phenols form urethanes. 

CJIr,N:CO + NH.J = CfiHr,NI-I.CO.NH2 Phenyl urea. 

CdLNrCO + NIIoCHg = C^HijNH.CO.NHCHg Methyl phenjd urea. 
QjHsNiCO + C2II5OH = QiHsNH.CO.OCoIL Phenyl urethane 
Q.ILN:CO + ejigOH = CcUgNII.CO.OCoHg Phenyl carbamic 

phenyl ester. 

The latter two reactions are frequently used for detecting 
the presence of a hydroxyl group (Goldschmidt). 

Preparation 62. 

Diazobenzene Sulphate. — Whereas nitrous acid imme- 
diately decomposes the primary aliphatic amines with evolution 
of nitrogen, 

CILNHo + HNO., = CILjOH + Ng + ILO, 

no nitrogen is evolved if nitrous acid is allowed to act upon a 
salt of a primary aromatic amine m the cold. The solution then 
contains a diazo-salt, which is readily soluble in water. It may 
already have been observed that in the salts of diazobenz- 
ene, the radical, diazobenzene, QH^No, plays the part of am- 
monium, NH4, in the ammonium salts. Diazobenzene chloride, 
nitrate, sulphate, &c., correspond to ammonium chloride, nitrate, 
and sulphate. 

CGH5N...CI NII4.CI. 

CGII5N0.NO3 NH4.NO3. 

C6ILN2.SO4H NI-I4.SO4H. 

The hydrate of diazobenzene, C6H5N2.OH, which would be 
analogous to NH4OH, is also known as an unstable oil. ^ Con- 
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s’uh'nitions of this kind ha\-<‘ siis^-j^nsteil the alternative 
formula, 

C:,;ll,.N N 

' I 

X 

in \vlii<’h X stands for tlu‘ acid ra<li('al (Uloinslrand). The 
iiiiroiicn which ('oin])in(ss will) tlie acid radical is tlicrel)y qnin- 
([uivali'iit, as in the* ammonium salts. On the other hand, di- 
a/.ohen/,en(‘ hydrat(‘ forms two isomeric ])olassiiim salts, one of 
which is oi)taineil hy addiiy^ caustic' potash to diazobeiv/cnc 
chloridis 'This coinpoimd is unstable, and unites in the ordi- 
nary way with plumols to form hydroxya/.ol)en7,ene derivatives 
React i(m 6, p. 1631. 'rh(‘ second one, which is obtained by 

lu'atinp' the hrst to 130' with caustic ])otash, is very Btal)le, and 
does not combine' dir(‘(*tly with plu'nols (Sc'hraube and Schmidt). 

( )thei’ dcri\'atives of dia/.obeir/.e'iK' (‘xist in two forms, such as 
iheM'vanide and sulphite. 'Tlu' diffi'rence has l)een exphained 
in two ways. Ace'ordinj.' to om^ theory, the two j)otassium com- 
pounds re'present two difft'rent spae'e con ht^'u rat ions similar to 
that of citrae'onic and nu'saconic' acid (see ]). 266) and the 
oximc'm'sts^ p. 301), and are distinj^uished by the terms ‘syn’ 
and ‘ anti ’ i 1 lantzse'h). 

(',11,; QHnN 

ii 11 

Kn.N N.OK 

SyiiaMMi/i'U'- <li. !/■>(, iir nf Anli-bon/cm' of ])OtMSshnn, 

'I’h(* st'cond theory asc'rilx's the difh'rem'e to structur.al 
arran;.p*ment, and the* compounds are* te*rme‘d diazo- and iso- 
; dia/e) (’ompoumls ■ l)amb(‘rL;e*r). 

(’,di,N:N()K. (',lIjiNIC.N(). 

tli.tz.ifatr '(f jiuia*. .itiiJi. lii'iizi’iu* isotliazoiatf nf potassium. 

l! i’. now ;.;cnerally admitte'd that the diazo-salts of the 
•.t i(»n:;er ae iels, whi< h have* only oiu^ re*pre^sentative, arc most 
‘.atisfactorily rept’es(*nled by the* ‘‘ diaze)nium,” or lUomstrand 
formula, ami the salts arc known as diaze)nium salts. 

A few of the* nutneroiis e-jian^'es which the diazonium salts 
imder^p) are* illustrated in the* series of relictions which follow 
the* pre'paration, anel are* amonif the* most important in orp^anic 
clutn^stry. Some* of these reactions are carried out on a larger 
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scale in Preps. 63 — 69. It will there be noticed that it is 
unnecessary, as a rule, to isolate the diazonium salt, but that 
the substance is prepared in solution, and is decomposed by 
the specific reagent. 

With few exceptions, all aromatic compounds which contain 
a nuclear amino-group may be diazotised. At the same time 
there are notable differences in the ease with which the process 
is effected. 

Preparation 63. 

Toluene from Toluidine. — It is often desirable to obtain 
the hydrocarbon from the base. The process of diazotisatioii 
offers the only convenient method. The diazonium salt may be 
reduced by alcohol (Reaction i, p. 162) or, as in the present in- 
stance, by sodium stannite. Less direct methods are the con- 
version of the diazonium compound into (i) the hydrazine (see 
p. 174), (2) the acid and distillation with lime (p. 200), (3) the 
halogen derivative and reduction with sodium amalgam, or, 
finally (4) the phenol and distillation with zinc dust. 

Preparation 64. 

/-OresoL — This reaction resembles that of nitrous acid on 
an aliphatic primary amine ; but the liquid requires to be 
warmed. 

Preparations 65—66. 

p-Chlorotoluene, p-Bromotoluene.— The action of cu- 
prous chloride, bromide, and cyanide on diazonium chlorides was 
discovered by Sandmeyer, and is known as ‘ Sandmeyer’s re- 
action.’ 

QrinN.,.Cl = CJIr,Cl + No. 

CcII,N.>.Br = QiHgBr -f N.,. 

CoH 3N.,.CN = Q.IIr,CN -h No. 

Some of the cuprous chloride compounds of the diazonium 
salts have been isolated and analysed, and correspond to the 
formula CgH-NoCl.CuoCL (Hantzsch). The formation of a 

crystalline copper compound is rendered very evident in the 
present preparation. A modification of Sandmeyer’s reaction 
is the introduction of precipitated metallic copper in place of 
the cuprous salt (Gattermann). 


AIM'KNDIX 
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'Hie |)rcp;initi()n of poUissiuni iodidc-st^irch paper is made 
l)y dipping strips of iiltcr pa])er into a thin solution of starch 
paste to which a little potassium iodide has been added, and 
dryint^ the paper. 

'The oxidation of a side-c]\ain ])y me.ans of pcrmangTinate 
solution is one wliic'h is commonly em))loyed where the acid is 
re(|uirt‘d. 'i’he monolialoi^en derivatives arc readily oxidised in 
this way, ])ut ;4r(‘ater diffuailty is ex{)erienced if two halogen 
atoms or other acid groups arc pre.scnt. The dichlorotoluenes, 
for example, are only slowly attacked. 


I‘RKl»AR.\'l'ION 67. 

lodoBOtoluene. 'The most interesting of the compounds 
1)elonging to this group, whii'h were carefully investigated by 
\\ Meyer, is the substance prepared by shaking a mixture of 
iodosoben/ene :ind iodoxyben/.ene (o])tained l}y the oxidation of 
tlu‘ iodosoa’ompoundj with moist silver oxide. Diphenyl- 
iodonium oxidi' is thus ])roduced, which in ])asic properties 
r(.‘s(‘nd)les ammonium hydrate, 

e.iif.b) i <V,ii..bb i Ag()ii . ((Vdi,bk<>n I- Agicv 
Will) hydi'iodic acid it foi'ins the iodide, (C^jl 

PRlvl'ARA'nON 69. 

Diazoaminobtnizene. I)ia7.oamino-coin])ounds are also 
fornu'd l)y the action of dia/.oniuni salts on primary and 
secondary amiu(‘s of both th<^ aliphatic, and aromatic series. 
'riu‘ methotl given in the ]>reparation must then l)e modified. 
'The dia/.onium salt is first ])re])ared, and the amine stirred in 
with the addition of sodium acetate. The sodium coml)ines 
with tlu‘ miiu'ral acid, lilierating the weaker acetic acid, wliich 
thereby assists tlu' separation of the diazoamino-compoimd. 
(Compounds of tlie following fonnuhe have Ijeen iirepai'cd in 
this way. 

( V,1 1 ,X:Nd 1 id '1 h; I )iaz()l>en/.ene-:uuin(jt()luene 
< l.,N' : N. N 1 1 ( \.I I;, I )i:i/.uhen/.ei)e-clhyliinnnc. 

( ',,1 1:,N:N.N{td i;jb l )i:iz«)ben/.ene-din)cthyUimme, 

^ - N ( 'ftU I )iu/.ol)euzene-i)ii)eridine. 
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The last compound has been utilised for the preparation of 
fluorobenzene, and its congeners by the action of cone, hydro- 
fluoric acid, 

QjII.NrN.CHiio + 2HF = -f- N, + C5I-I10NH.PIF. 

Diazoaminobenzene undergoes the following reactions : — 

1. The hydrogen of the imino-group may be replaced by acid 
and alkyl radicals. In the latter case the sodium compound is 
treated with an alkyl iodide. 

2. Phenyl carbimide forms a urea derivative, 

C.H^NrN.NHCyHg + C0II5N.CO = QiHsNiN.NCJIo 

\co- 

QIIsNIK 

3. With strong hydrochloric acid, decomposition into cliazo- 
niura salt and amine takes place, 

C,5H5N:N.NIlCeFl5 + HCl = CJisNo.Cl + CoIIsNII.^. 

If nitrous acid is added, the second molecule of base is also 
converted into diazobenzene chloride. In presence of cuprous 
chloride, chlorobenzene is formed. 

4. On boiling with water, diazoaminobenzene decomposes 
into phenol and base, 

Qli^NrN.NH.CcIis + H .,0 = CcHsOH -1- QII5NH2 + No. 

5. On reduction, it splits up into phenylhydrazine and aniline, 

QPhNrN.NHCgHs + 2H2 = QI-IgNPI.NPL + 


Preparation 70. 


AminoazobenzGne. — The conversion of diazoaminobenz- 
ene into aminoazobenzene resembles the formation of benzidine 
from hydrazobenzene (see p. 148). The diazo-nitrogen seizes 
on the carbon of the nucleus in the para-position to the ainino- 
group, 


\ 


-N:N 'NIi< 


>NIIo. 


A!‘1‘KNI)IX 


2S7 


If tlu‘ |)iini~jK)sition is already occupied, the nitrogen takes 
tlie orth<)"i)(>sition to the amino-group, 

■N:N.NIl( ’>X - N—NrN— . 

> / \ / \ / ^ 

xXML. 

])ut the reaction only takes place readily where the i)ara~position is 
free. 'The manner in whii’h the change is brought about has not 
Ihhmi satisfactorily e>:j)lained, although from the fact that/;-diazo- 
aminotoluene yields, on wanning with aniline hydrochloride, 
y^-toluene a/.oaminobenzeae and /;-toluidinc, 

.N:N.Nll/ \cil, + C’ ^NU,, 

’ N / \ / ' \ / 

it would appear as if the hydrochloride of the base were the 
chief factor in the decom])ositi()n, and that the change w.as 
rather inter- than /////vr- molecular. Aminf)a'/.obenzene, under 
the nauu‘ ofb////////c jv/Aw, has becni used as a colouring matter. 
Its chiel' lechni( al application at present is in the inanufa.cture 
(jfa class of dark blue colours, known as indutifu's. On reduc- 
tion with tin and hydrochloric acid, it decoinj)oses into two 
molts iiltss of bas(‘, anilint; and /'-phenylenediainine, a reaction 
which is shared by most of the azo-coinj)ounds (see ]). 176), 

QdlnNaN.C'dl.iN’lh. -• ( Vd I h. 1 


PRKnAKA'riON 71. 

Phenylhydrazine, Phenylmethylpyraz clone. -- 'Phe 
use of phenylhydra/.intt of, in some cases />-l)r()mo- or /enitro- 
j)henylhydrazin(', as a reagent for the detection of aldehydes and 
k(‘toiU‘s, has betm illustrated in the reactions on |). 70. 
One of its most important technical uses is in the prepara- 
tion of aiuipyrine, in which the product, obtained by the action 
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of phenylhydrazine on ethyl acetoacetate, is acted upon with 
methyl iodide. The two reactions are represented as follows 


CI4CO.CHo.COOCoH5 Cllj. 

+ NHo-NH.Cgllg „ „ 

Phenylmethylpyrazolone. 

CH3.G=CH.C0 

+ CH3l= I I +HI 

CH 3 .N N.QHs 

Phenyldimethylpyrazoione 
‘ (antipyrine). 


CH..C— CH0.CO 

II ^ I 

N N.Cgllg 


N- 


-CPL.CO 

" I + PIoO + CoI-LOH. 
N.CJ-I. 


The variety of syntheses into which phenylhydrazine enters 
cannot be described here ; but reference must be made to the 
text-book. 

It should be noted that the action of phenylhydrazine on 
the ketone group, and of diazobenzene salts on the methylene 
group situated between two CO groups, are analogous to that 
of hydroxylamine and nitrous acid upon these two groups, of 
which the following are examples : — 


I. 


2. 


CO.OC0H5 ^ 

I 

CO 

I 

CO.OC2H5 ^ 

Mesoxalic 

ester. 


COOC0I-I3 

I 

+ NH.3.NHC0II5 = C.-N.NII.CeH, i- PI2O 
COOCoHo 


COOC0H5 

+ NHoOH = C:NOII + IRO 

I 

COOC0H5 


COOC0H5 ^ 

I 

cHo 


+ C1N:N.C6H4 


COOCOH5 M 
Succinic + 0 :N 0 H 

ester. 


COOCoIL 

I 

C:N.NII.C6H5 + liCL 

COOC2H5 

COOCJ-I5 

! 

C:NOH + I-IoO 

I 

COOCTL, 


Phenylhydrazine has been used in the synthesis of indole 
derivatives. The hydrazones of aldehydes and ketones contain- 
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a methyl group are decomposed on heating with zinc chloride, 
indoles being formed with elimination of ammonia. (E. Fischer.) 


CIL 

C,;H,NH.N:C CHl/ 


CII, 


.NII—C 


I 

Cl L 

Acctone-phtinylhydrazonc. 




II + NIL 
-CM 


Methyl indole. 


Preparation 72. 

Sulplianilic Acid. — The acid characters of this substance, 
which is both base and acid, are more prominently developed 
than the basic character. Nevertheless it reacts with nitrous 
acid like a primary amine, and forms a diazonium salt, which 
has the following constitution (see Prep. 62, p. 16 1) : — 


/N : N 

Call/ I 

\so.,.o 

Dia/.obenzene sulphonic acid. 

The formation of suphanilic acid is probably preceded by the 
sulphonation of the amino-group, 

CaHnNII.SO^jH. 


A compound of this character has been obtained which 
decomposes with acids into o~ and 7^-aminosulphonic acid by 
a process of intramolecular change (Bamberger). The fact of 
the para-compound being exclusively formed at the higher 
temperature may account for the production of this substance 
in the present preparation. 


Preparation 66. 

Methyl Orange.- -The first point to notice in this reaction 
is that the diazonium salt forms no diazoamino-compound with 
the dimethylaniline, but at once produces an azo-compound. 
This is always the case with tertiary amines, some secondary 
amines like diphenylamine and the phenols. The reaction may 
be regarded as typical of the formation of all azo-colouring 
matters. At least two substances are requisite in this process ; 
on the one hand an aromatic compound containing an amino- 
group in the nucleus, and, on the other, a base or phenol 
COTEN'S ADV. P. O. C u 
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The first is diazotised and combined or coupled with the second. 
The coupling takes place, in the case of amines, in a faintly 
acid or neutral solution, in the case of phenols, in an alkaline 
solution (see Reaction 6, p. 163). In all cases the diazo-group 
seizes upon the carbon in the para-position to the amino- or 
hydroxyl group of tlie coupled nucleus. When the para-position 
is already appropriated, the ortho-position serves as a link, but 
no coupling ever occurs in the meta-position. The sulphonic 
acid derivatives of the base or phenol are frequently preferable 
to the unsubstituted compound. The dyes formed have in 
consec[uence of the presence of the SO^H group an acid character, 
which renders them capable of forming soluble sodium salts, 
and adapts them better for dyeing purposes. When an azo-com- 
pound is formed by coupling the diazo-compound with a xDrimary 
amine, the new product is capable of being diazotised and 
coupled a second time. Thus a tetrazo-compound is formed 
containing a double diazo-group -N:N-. Aminoazobenzene, 
when diazotised, forms diazo-azobenzene with nitrous acid, which, 
like a simple diazo-compound, reacts with the phenols, 


CgHsNtN.CHhhNI-LHCl -f- IINO.^ = QH5N:N.QH4NL.C1 

C,5ll5N:N.QIl4N.>Cl + QIIsONa 

= CaILN:N.QH,N:N.CJTOII 


-I- 2II./). 
-I- NiiCl. 


If aminoazobenzene is sulphonated with fuming sulphuric acid, 
and the product again diazotised and coupled with ^-naphthol, 
Bic brick scarlet is formed. 


SO, II 

/SO, II 
\N:N,QH,< 

^ ^N:N.CioHeOII. 
Biebricli scarlet. 


If in the last phase the different sulphonic acids of / 3 -naphthol 
are employed, various shades of red, known as Crocehis^ are pro- 
duced. Thus it appears that the colour deepens from orange to 
red with the introduction of a second azo-group. 

This is not the only method of forming tetrazo-compounds. 
Each amino-group of a diamine may be diazotised and coupled. 
Benzidine and its homologues, which have been utilised in this 
way, have a special value for the cotton dyer, as the shades pro- 
duced are not only, very brilliant, but, unlike the inajorhy of 


A1*I'FAT)[X 


291 


colomin- nialters, aic .^uhsianihu' colours, Lc., possess the pro- 
perty ofallaeliin- tlieinselves to the cotton fibre without the aid 
oi a inoiclaiu. f e/vye icds and bcurjitpurpiuins are combina- 
tions of iK'nzidine and its hoinolo-ues with the sulphonic acids 
of naphthol and naphthylainine, 'fhe following- is the constitu- 
tion of C'on.i^o red, tlie simplest of these compounds, which is 
used in the lorm ot its sodium salt 

MI., 

X:N.C,„iI., 

SO.j.Xa 


A'll., 

\S()..Na 

AtleiitKMi should 1 h^ drawn to the fact that azobenzenc 
althouj^h a, brit^hll y coIoiiixhI substtince, is without dyeinj^- pro- 
perties, /.e., it is not a colourintf mtUter, whereas aminoazobenz- 
eiu' and methyl oraiij^e tire true dyes. They all three contain 
the a/o-ttroup ( N;N \ called l)y Witt a chroinophorc, united 
to two aromatic nuclei ; but in the case of aininoazobenzene 
and methyl orauj^e, <jne of these nuclei contains a basic p'roup, 
NIL; or Nt’C-H;.).;. It will also have been observed that the 
combinations with plnmols likewise result in the production of 
colouriu}; malK'rs. It would ap])e:ir, therefore, as if there were 
at least two {‘ssentials to a dy(.‘, a fundamental or mother sub- 
stance* like* a/.ohenzene, termed a ckniuioi^vmc compound, and 
an amino- or hydroxyl ^rou]), called an aiixochronie. The same 
t hi 11^4 has be(*n observed in the c;ise of other colouring' matters 
(.see Note* on I’rep. 103, )). 313). 

Most of the a/.o--('olours s])lil at the double link, on reduction 
witli stannous c-hloride and liydrochloric acid, forming two 
molecules of l)as<‘. Methyl oninge yields sulphanilic acid and 
dimethyl /eplumylenedlamine, 

S().dI.(',dliN:N,(;,;II,iN(CIh,).. 1 211., 

^ SOM I.C'Jl^Nll, + NH.AH4N{CH3)ii. 


2Q2 


PRACTICAL ORGANIC CHEMISTRY 




Preparation 74. 

Potassium Benzenesulphonate.— The formation of sul- 
phonic acids by the action of sulphuric, acid, &c., on the aromatic 
hydrocarbon is a special property of aromatic hydrocaibons, 
although, in a few cases, paraffins have been found to react in a 
similar manner. The process is called “ sulphonation.” In 
place of cone, sulphuric acid, fuming sulphuric acid, i.e.^ an acid 
containing varying proportions of sulphur trioxide (see Prep. 109, 
p. 226), and, occasionally, chlorosulphonic acid, ClSOoOH, are 
used. In the two latter cases sulphones are sometimes formed 
as a by-product, 

2C6H6 + SO. = (QjHgbSO., + H.p. 

2ChH,. 4- CISO2OH = (CJIgbSOo -H liCl 4 HoO. 

The sulphonic acids are also obtained by the oxidation of 
thiophenols, a reaction which, at the same time, indicates their 
constitution, 

QH5SH 4 O, = QIIsSO.,!!. 

The majority of aromatic sulphonic acids are very soluble in 
water, and are difficult to obtain in the crystalline form. On 
the other hand, the sodium or potassium salts generally crystal- 
lise well, and it is customary to prepare them by pouring the 
sulphonic acid directly after sulphonation into a strong solution 
of sodium or potassium chloride (Gattermann). 

The sulphonic acids decompose on heating into the hydro- 
carbon and SO3. This reaction is greatly facilitated by heating 
with cone, hydrochloric acid to 150 — 180° (Jacobsen), or by 
passing superheated steam into the sulphonic acid mixed 
with moderately strong sulphuric acid (Armstrong). 

This method is sometimes used for separating hydrocarbons, 
one of which is more easily sulphonated than another. The 
sulphonic acid is separated from the unchanged hydrocarbon, 
and the hydrocarbon is then regenerated from the sulphonic 
acid. 

The salts of the sulphonic acids undergo the following re- 
actions : — 

I. By fusion with caustic alkalis, phenols are prepared (see 
Preps. 106 and 219), 

C6H5SO:5Na 4 NaOH = CkH^OH 4 Na^SOa. 
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2. l)y distilljition witli potassium cyanide, the nitriles are 
obtaincul, 

(V.I!,S().5K 1 KCN C V.Hr, CN -I- jCSO^. 

3. Wy fusion with sodium formate, the sulphonic group is 
replaced ])y carboxyl, 

(',ill,S();jNa 1 lU'OONa - C ,1 Ir,a^f)Na H- NallSOg. 

4 r>y the aeti(m of plujspluH'us ])entachloride the sulphonic 
cliloi'ide is obtained, 

(',;lI,S(bK -i PC 'In = + POCl,{ + KCl. 

I'KKPARA'riON 75, 

Benzenesbilphonic Chloride.— The sulphonic chlorides 
differ from the earl)oxyric chlorides in being' very slowly decom- 
posetl by water. 'They react, however, in an analogous fashion 
willi alcohols, i)henols, and amines in ])resence of caustic soda. 

'Phe behaviour of primary, secondary, and tertiary amines 
has l)(‘en suggested as a i)asis of separation of these three classes 
of compounds. 'I'he primary amines usually form compounds 
with tin* sulphonic chloride, which dissolve in caustic soda ; the 
(lerivati\'t‘s of tlu^ secondary amine arc insoluble, whereas the 
tertiary amines do not react with the sulphonic chloride (Hins- 
l)erg). 'I'he m<ahod cannot always be employed. 

On rediunion of the sulphonic chloride with zinc dust and 
water, tlie zinc salt of tlie suli)hinic acid is formed, 

2(',iIl5S().;(.'l - 1 - 2Zn ~ + /mClg. 

l'h(‘ acid is sei>arated from the zinc salt by boiling with 
sodium carbonate, fdtering from zinc carbonate, and decom- 
posing tlu; soluble sodium salt with sulphuric acid, which pre- 
cipitates the sulphinic ayid. 

'Phe sulphinic acids are unstable compounds. They are readily 
oxidised to sul])honic acids ; on fusion with alkalis they are con- 
verted into the hydrocarljon and alkaline sulphite, 

(;;II,.S().>Na + NaOri - Na,SO, 4 - QIT,. 
on reduction lliey form thiophenols, 

c;;Ib,.S()JI I 2llo~QII&SU H 2II0O. 
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Preparation 76. 

Phenol. — Fusion of the alkali salt of the sulphonic acid 
with caustic soda or potash is a common method for preparing* 
phenols (see Prep. 106, p. 219). Phenols correspond in consti- 
tution to the tertiary alcohols of the aliphatic series, but differ 
in their more negative character. The phenols dissolve in 
caustic alkalis, forming alkaline phenates, which are, however, 
decomposed by carbon dioxide. In this way a phenol may be 
separated from an acid. The solution in caustic soda is satu- 
rated with carbon dioxide, and the phenol is then extracted 
with ether or filtered off. The entrance of nitro-groups into 
the nucleus converts phenols into strong acids (see Preps. 79 
and 80). 

The various reactions which the phenols undergo are illus- 
trated in Preps. 79 — 84. 

The technical method for obtaining phenol is by shaking out 
with caustic soda the ^‘middle oil” of the coal-tar distillate, after 
some of the naphthalene has crystallised out. The phenol dis- 
solves in the alkali, and is then removed from insoluble oils. 
The alkaline liquid is acidified, the phenol separated, distilled, 
and finally purified by freezing. 

Preparation 77. 

Anisole. — The preparation of anisole from phenol is analo- 
gous to Williamson’s synthesis of the ethers (see p. 236), but the 
ethers of phenol cannot be obtained by the action of the alcohol 
on the phenol in presence of sulphuric acid. This reaction can, 
however, be effected in the case of the naphthbls (see p. 316). 

Another method of replacing hydrogen by methyl, in addition 
to the use of alkyl halide and alkyl sulphate, is by the action of 
diazomethane on the phenol : 

CJIsOII + i|\ciL>==C«II,OCn, -f No. 

N^ 

The methyl group in anisole can be split off, and the phenol 
regenerated by heating with HCl or HI, 

QiH 50 CH 3 -f III CTL5I 4 - CJT^OII. 

The latter reaction has been made the basis of a quantitative 
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iiumIhxI for (lolcnniniriL; liio luinihcr of mcllioxyl groups (OCH.,) 
pr(‘scnt in ;i coinpound iZeiscl, sec p. 220). 

I ‘RKl'A RATION 78. 

HexahydrophenoL— "riic mclliod of Sal^aticr and Sen- 
ilortMis for tlio rcdiuTion of organic compounds is very generally 
ap))rK'al)le. U consists in [)assing the vapour of the organic 
coinpound inix(‘d with . hydrogen over finely divided metals, 
('Specially iiickc'l, as in tlie example giv'cii. Aldehydes and 
k(‘t(uu‘s ar('. reducc'd to alcohols', olefines to parafi'ins, and, in 
lh(‘ aromatic s('ri('s, hydrogen is taken up in the nucleus and 
hydrocyclic (‘om|)ounds result. The hydrocarbons form cyclo- 
pa raflins ; the jihenols, cyclic alcohols ; the bases, cyclic 
amines, Xa'. 

I’RKPARA'l'ION 79. 

o- and p-Nitrophenol. 'flut action of nitric acid on 
phenol is much more energetic than it is in the ('asc of 
hen/ime. 'fo obtain the mono-derivatives, the acid has, in 
conseijiK'iice, to be diluted. 

'The entrances of the nitro-groiip renders the phenol more 
sti'ongly acid, so that the nitrophenols, unlike the ])henols, form 
stabh* salts with alkalinci carbonates. It should be noted that 
tlu! nitro groiip tmters the ortho- and para-position, but not the 
iiK'ta ]>osition to th(‘ Oil group, according to the general rule 
(‘Xplained on p. 2j.]. Monajver, the ortho-('ompound is more 
volatile than the para-conpioimd. Compare o- and /ohydr- 
oxybeir/.aldehyde (I’re)). 83, p. 188). 

PkKI^AKA'riON 80. 

Picric Acid, 'fhe jiresence of three nilro-grou])s converts 
the phenol into a strong acid. Picryl chloride, which is formed 
liy tlu' action of fCd;, cm the acid, l)ehaves like an acid cdiloricle, 
is d(^compos(xl by water and alkalis and forms picramide or 
trinitraniline with ammonia, 

Id '1 T Nll.i- C:,ill,j(NO.A,'NIlo T IICI. 

N()t(‘ that the thr(‘(^ nitro-groups occupy meta-positions in 
H'gard to oiu‘ another; ortho- or para-})ositionB in reference 
to t*u.‘ hydros)'! group. 


296 


PRACTICAL ORGANIC CHEMISTRY 


Preparations 81—82. 


Phenolphthalein. — The action of phthalic anhydride on 
phenol takes place in two ways. When equal molecules of the 
substance react in presence of cone, sulphuric acid, hydroxyan- 
thraquinone is formed (Baeyer), 

/CO. /CO. 

CJI/ >0 -l- CJI.OH = Qdl/ >CoHaOII + ILO. 

\C0/ ^CQ/ 

It is by a similar process that alizarin has been synthesised 
with the object of ascertaining its constitution (see Notes on 
Prep. 1 10, p. 316). When two molecules of phenol and one mole- 
cule of phthalic anhydride are heated together with cone, sul- 
phuric acid, then phenolphthalein is formed (Baeyer). Its 
constitution has been determined by its synthesis from phthalyl 
chloride and benzene by means of the “ Friedel-Crafts’ reaction” 
(see Notes on Prep. 100, p. 309). Phthalyl chloride and benzene 
yield in presence of AICI3 phthalophenone, 


C 

CO 


Cl., 


o 


HQillr, 

HiCyis 


c< 

A 

= QnA)>0 

CO 

Phthalophenone. 


Phthalophenone is then converted successively into dinitro-, 
diamino-, and, finally, by the action of nitrous acid, into dihydr- 
oxyphthalophenone or phenolphthalein. 


A'Qlln 
qmA >0 

CO 

Phthalophenone. 




P^CcH4N0,, 

XC^II.NO, 

CO 

Dinitrophthalophenone. 


-> 


^ CJCNHo 

XHAIkNlU 

Q;lb\/^^ 

c:o 

Dlaminophtlialophenone. 




CoH 4< 


„ cyr/Jii 

/Aqipoii 

O 

CO 


Phenolphthalein. 


An important group of colouring matters, known as the 
“ rhodamines,” is obtained from phthalic anhydride and ni~ 
aminophenol and its derivatives. They have a constitution siir^lar 
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to lliMl of lluorescein. I'he simplest of these •compounds is 
represented by the following formula : — 




CVI.Nllo 

• (') Qll:;Nn, 

I 

('() 


PKKi‘AkA'rir)N 83. 

Salicylalclehyde, p-Hydroxybenzaldehyde.—'^Reimer’s 
readion ” for the preparation of hydroxyaldeliydcs from phenols 
is applicable, to a very laru-e number of monohydric and 'poly- 
hydi'ic i)lienols. 'I'he sn1.)stitution of two II atoms by two alde- 
hyde j.>roups sometimes occurs, as in the case of resorcinol. An 
analoLjous reaction is that of ('austic i)otash and carbon tetra- 
chloride on plnniol, which yields chiefly /-hydroxybenzoi{‘ acid, 

,011 

t'JI.nil I CCl, I sKOlI “ CV.n.i; ■!■ 4KCI -!- sIIoO. 

''(.'( )()IC 


PRKPAKA'riON (S4. 

Salicylic Acid.— 'I’he reaction was discovered by Kolbe, 
and is known as Kollxfs synthesis.” It will have been ob- 
served that it takes place in two steps. Sodium jjhenylcarbdnate 
is first forimsl, which then undergoes intramolecular chaiyue 
•with the production of sodium salicylate (Schinidt). 'J'hc tech- 
nical proc(‘ss is (’arried out in autoclaves, in which carl)on 
dioxide is ])assed into the sodium ])hcnate under ]n-essure at 
120 130’. It is a curious fact that the use of ptHassiuin jdienate 

yields, especially at a high temperature (220' ), almost exclusively 
the /-hydroxybenzoate of ])otassium. 

'i'he above reaction may l)e applied in the case of other 
phenols. 

PRKUAK.VriON 85. 

Quinone and Quinol. Qulnone, which was originally 
obtai^ied l>y tlu‘ oxidation of quinic acid (the acid associated 


29S 
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with quinine in cinchona bark), is now prcprncd fiom aniline. 
The aniline, in process of oxidation to quiiione, ‘ippeai s to ])ass 
throug-h the following intermediate stag'es, 


cjT,NHo->Q;n,N’ 




Tip 


"O 


'->CJI,^Nrr.OII-^CnTT4<^ . ^ -> CJfj.O., 


^Nir. 

-on 


The aniline is first oxidised to phenylamnioni uni oxide, which 
changes into phenyih^'droxylamine. The latter .also under- 
goes intramolecular change, being conv'criecl into /-ainiuo- 
phenol, which is finally oxidised to ejuinone (Pamberger). 
It may also be obtained by the , oxidation of para-derivatives of 
aniline, such as y^-plienylenediamine, sulphaiiilic acid, p- 
aminophenol, S:c. Other amino-compounds and phenols yield 
corresponding quinones, and it can even be prepared from an 
amino-compound or phenol, if an alkyl g*roup occu]:)ies the para- 
position, as in the case of mesidine, which loses a rnetliyl group 
and yields ?/7-xyloquinone. Quinone is sometimes regarded as a 
superoxide (Ciraebe), sometimes as a para-diketone (Mttig). 


C 

lie/ o /cm 


HC< O iCII 

\ 1 

\l/- 

C 

Snperoxicle formula. 


CO 


IIcC 

li ! 

lie A ICA] 

\ /■ 

V'o 

Dikelonc fonmila. 


The facts in favour of thefirst are that cjuinonc, like a ])eroN;ide, 
has a strong oxidising action, that on reduction it yields, not a 
glycol, but a dihydroxybenzene ; moreover, witli ITll.- instead 
of a tetra-chloro-derivative, a dichloroben/.enc is formed. In 
favour of the ketone structure is the formation of a mono- and 
di -oxime (Goldschmidt), 


HC 


CO 

C; 

:NOir 

G'VCII 

Hc/" 


:[ jcM 

iici!^ 

0 dl 

C:NOH 

C: 

:NOri 
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-;' - 

I'licnylliyiinizoncs not formed, .as plicnythydfazine acts as a 
rctlncinL; ai^i'nt and produces cjuinol.^- 

'riie constitiilion of qiiinhydia)!^ lljjp proxl^t^T '-ip 

formed hy tlu‘ r(‘(Ui('iion of c|uinone^’Hir 
n‘prt‘sent(*d hy the formula, ^ 




/O C(OII) 

/ iicf'^cir 


IIC-^ /CII 
'O ('(Oil). 


l-'or the f()rmation of dimcthylqiiinone, sec p. 251. 


IhtKPAKA'riON 86 . 

Benzyl Chloride, -'riie anion of chlorine on boiling 
U>luen(‘ is <}uil(‘ disiinn from llie action which occurs in the 
cold or in prc'seiict; of a haloj^cn <\'irrier ” (see pp. 252, 271). 
In the prt'senl instama; substitution takes place in the side- 
chain. It is a curious fact, however, that chlorine produced by 
electrolysis in pr(‘sen('e of boiling' toluene mainly enters the 
nucleus. 

by prolontpal action all three hydroj^’cn atoms of the side-chain 
may lx* rephu’ed, and the followinj^’ cotnpoimds obtained: — 

( ',.,1 1 h;^d hen/vl Chloride. 

C,;!! a 'll Cl. iJcnzJd Chloride. 

( 1 ,( '( I»en/,otri(ddori(le. 

1 lydrocarhons containing' the halogen in the side-chain may 
1)(‘ generally, lltough not invariably distinguished, by their 
irritating a<nion on tlu* ey{‘s and mucous membrane of the nose, 
from those in which the h.alogen is present in the nucleus. 
Moreover, tlu* halog(*n in tlie sicle-chain is much more readily 
sul)stitiU(‘d or launoved than when it occurs in the nucleus. In 
this r(‘sp(‘(1 the above ('onqxmnds resemble the members of the 
aliphatic s(n’ies (alkyl and alkylcne halides), P^enzyl chloride is 
decompos(‘d by water, ammonia, and potassium cyanide, forming 
Ijtm/yl alcohol, hcn/yl cyanide, and benzylamine. 

c,ii.cih/:i I Ji,/) - (.yinCiLpTr -i- iici 

r.cMzyl :ilc«>hol. 

( I- KCN (;jiir,(;n..cN kci. 

J’.cnzyl ryanicit*. 

( ',;i i ,( ' 1 1.,( 'I I 2N 1 1,, - ( :„t ir,t:i I..N 1 1.. I N i i/:i. 
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It is also much more easily oxidised than toluene to benzoic 
acid, 

QdPiCIIXl P Oo --= C«lI,COOII + liCl. 

Benzal chloride and benzotrichloride are also decomposed by 
water, the former in presence of calcium carbonate, and the 
latter at a high temperature, yielding, in the one case, benzalde- 
hyde, and in the other, benzoic acid, 

CJI,,CIIClo + ILO - CJCCOH + 2IICI. 

Iienzaldeliyde, 

QillsCCli + 2ll.,0 = C,;HnCO.On + 3IICI. 

Benzoic acid. 

Preparation 87. 

Benzyl alcohol may l^e also obtained by the action of caustic 
potash on benzaldeh^^de (see Reaction 4, p. 197). This reaction 
is specially characteristic of cyclic-compounds containing an 
afdehyde-group in the nucleus, although some of the higher 
aliphatic aldehydes behave in a similar fashion (Cannizzaro), 
2CGH5COII P KOH = CgITsCI-LOH p CJIdCOOK. 

Benzyl alcohol. Potassium benzoate. 

Benzyl alcohol has the properties of an aliphatic alcohol, and 
not those of a phenol. On oxidation, it gives benzaldehyde 
and l^enzoic acid, and it forms benzyl esters with acids or acid 
chlorides, 

CgH,CO.OCHo. Cells. 

Benzyl benzoate. 

Preparation 88. 

Benzaldehyde. — The aldehydes of the aromatic series 
may also be obtained by the oxidation of a methyl side-chain 
with chromium oxychloride. The solid brown product, 
C(;H5CH3(Cr02Cl2)2, formed by adding CrOoCLj to toluene, 
dissolved in carbon bisulphide, is decomposed with water, and 
benzaldehyde separates' out (Etard). Other methods for pre- 
paring aromatic aldehydes are (i) the FriedebCrafts reaction, in 
which a mixture of carbon monoxide and hydrogen chloride are 
passed into the hydrocarbon in presence of aluminium chloride 
and a little cuprous chloride, 

/CIL 
"^CHO 


C6H,.CH3 p llCl.CO = CgM4< 


P HCl ; 
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(2) also by passing a mixture of hydrogen cyanide and hydrogen 
chloride into a phenol ether in presence of AIC13, 


QII5OCII3 + HCN.IICI - QII^< 


OCIL 


+ IlCl. 


The product 
(Gattermann), 


is then hydrolysed with hydrochloric acid 


c,n 


/ 

4\^ 


OCIL, 


+ 140 = Qjir 


yOClL, 

4 \ 

"Clio 


(3) Grignard’s reaction can also be used for preparing aromatic 
aldehydes (p. 308). 

The numerous reactions which benzaldehyde undergoes are 
described in this preparation, and in some of the subsequent 
ones (see Preps. 93-97). 

On reduction, benzaldehyde yields, in addition to benzyl 
alcohol, a pinacone known as hydrobcnzoin^ 


QilhCOlI 

+ IIo 

C13I4COH 


CnHsCIIOPI 


c«ii.,cnoir 

Hydrobenzoin. 


Preparation 89. 

a- and ^-Benzaldoxinies. — The existence of two isomeric 
benzaldoximes was first observed by Beckmann in 1889, '^'bo 
explained their relation by a difference in structure. 


CgllsCHrNOH CfiHgCH.NH 

\/ 

O 

a-Benzaldoxime. ^-Benzaldoxime. 


In the following year Hantzsch and Werner published their 
theory, by which the greater number of isomeric oximes both of 
aldehydes and ketones have found a satisfactory explanation. 

These compounds were not structurally but stereo-isomeric, the 
relation being similar to that which exists between fumaric, maleic 
or mesaconic and citraconic acids (p. 265), or again between the 
two diazotates of potassium (p. 283), and which may be 
represented as follows : 

CqHs.C.H C^Hs-CH 

HO.Il I.OH 

a-Benzaldoxime. ^-Benzaldoxime. 
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It will be easily understood from these formula why the / 3 -com~ 
pound should yield bcnzonitrile with acetic anhydride whilst the a- 
compound does not. The proximity of hydrogen and hydroxyl in 
the former case facilitates the formation and elimination of water. 
In this way the configuration of most of the aldoximes may be 
ascertained. 


Preparation 90. 

Benzoic Acid. — The oxidation of the side-chains in aromatic 
hydrocarbons is a matter of considerable interest, as illustrating^' 
the difference of stability of the side-chain and nucleus, and also 
the influence which the relative positions of the side-chains, 
where more than one is present, exert in presence of oxidising^ 
agents. 

The oxidation of the side-chain of an aromatic hydrocarbon, 
when more than one is present, takes place in successive steps. 
Thus, mesitylene is converted into the following compounds on 
oxidation ; 

^ QHy(CIT,)oCO.OI I Mcsitylcnic acid. 
Mesitylene, CgHylClIy);. — QHoCH-fCO.Ol Uvitic acid. 

^ QHslCO.OH):, Trimesic iidd. 

The reagents usually employed are (i) chromic acid or 
potassium bichromate and sulphuric acid, (2) dilute nitric acid 
and (3) potassium permanganate in alkaline or neutral solution. 
The action of these upon the side-chain, when more than one 
side-chain is present, depends upon their relative position. 
Thus, for example, potassium bichromate and sulphuric acid 
either does not act, or completely destroys the compound when 
the side-chains occupy the ortho-position (Fittig), whereas tlie 
para- and meta-compounds yield the corresponding carboxylic 
acids. ’ This is true also of substituted hydrocarbons with one 
side-chain ; thus with nitric acid in- and A^‘'^^l^^'<^toluene give 
m- and acid, whilst the ortho-compound is eitlier 

unattacked or destroyed. If, however, the substituent is a 
halogen and the oxidising agent nitric acid, the meta-compoiind 
is least, and the para-compound most acted on. Dilute nitric 
acid or alkaline permanganate are most serviceable for oxidising 
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side -chains where only one side-chain is to be converted into 
carboxyl on account of their less energetic action. 

The oxidation of a halogen-substituted side-chain by the usual 
oxidising agents is much more readily accomplished than that 
of a simple alkyl group. A similar case is that of naphthalene 
tetrachloride, which, though an additive compound, is 

much more readily converted into phthalic acid than naphthalene 
itself. 


Preparation 91. 

m-Nitro-, m- Amino-, m-Hydroxy-benzoic Acids.— 

This series of compounds merely furnishes an exercise in the 
processes previously described and illustrates the application of 
the same reactions in the case ofa substituted benzene derivative 
containing a nitro-group. It also illustrates the manner in which 
rneta-compounds of benzoic acid may be indirectly prepared 
where a direct method is inapplicable. 


Preparation 93. 

Benzoin. — As a small quantity of potassium cyanide is 
capable of converting a large quantity of benzaldehyde into 
Ijenzoin, the action of the cyanide has been explained as follows : 
The potassium cyanide first reacts with the aldehyde and 
forms a cyanhydrin, which then condenses with another molecule 
of aldehyde, hydrogen cyanide being finally eliminated 
(Lapworth), 

/OH 

CJbCH / + QHr,CHO = CHIOIACJI^. 

ACN ^CN 

= QH,.C0.CH(0H).QH5 + HCN. 

The same reaction occurs with other aromatic aldehydes 
(anisaldehyde, cuminol, furfurol, &c.). 

Bonzoin yields hydrobenzoin on reduction with sodium 
amalgam, and desoxybenzoin, QHr.CO.CH.j.QH-, when reduced 
with zinc and hydrochloric acid. 

The latter, which contains the group CO.CH^.C^jH-, behaves 
like malonic ester, the hydrogen of the methylene group being- 
replaceable by sodium, and hence by alkyl groups. 
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Preparation 94. 

Cinnamic Acid. — The reaction, which takes place when an 
aldehyde (aliphatic or aromatic) acts on the sodium salt of an 
aliphatic acid in presence of the anhydride, is known as 
“ Perkin’s reaction,” and has a very wide application. Accord- 
ing to the result of Fittig’s researches on the properties of the 
unsaturated acids described below, the reaction occurs in two 
steps. The aldehyde forms first an additive compound with 
the acid, the aldehyde carbon attaching itself to the a-carbon 
(z.^., next the carboxyl) of the acid. A saturated hydroxy-acid is 
formed, which is stable, if the a-carbon is attached to only one 
atom of hydrogen, as in the case of isobutyric acid, 

Clla 

CIl3\ I 

QdlsCHO {- yclLCOOll = CJl5CH{01I).C. COOIL 

Cll/ I 

Cl I, 

If, as in acetic and propionic acids, the group CHo is present 
in the a-position, water is simultaneously split off, and an 
unsaturated acid results, 

CH3 

C.Hr.CIlO + CH...CH 0 .COOH = CeH,CH:C.COOH 11,0. 

a-Methylcinnamic acid. 

That a-methylcinnamic acid is formed and not phenyliso- 
crotonic acid according to the equation, 

CgllgCHO + CHoXHo-COOH = C6H,,CI-I:CH.CH.>C00H + 11,0, 

Phenylisocrotonic acid. 

follows from Fittig’s researches, and depends upon the marked 
difference exhibited by the two principal groups of unsaturated 
acids, viz., the a/3 acids, which have the double link between 
the first and second carbon from the carboxyl, and (By acids, in 
which the double link lies between the second and third 
carbons. Methylcinnamic acid belongs to the first group, 
whereas phenylcrotonic acid belongs to the second group. 

It maybe noted in passing that this reaction bears a close 
resemblance to that studied by Claisen, which occurs in 
presence of caustic soda solution between aldehydes or ketones 
on the one hand, and compounds containing the g^roup 
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CHo-CO. llenzaldeliyde and acetone combine under these 
conditions to form benzylidene- and dibenzylidene-acetone, 
CgHgCOH + CPl3.CO.CHa= C6H5CH:CH.C0.CH3. 

Benzylidene acetone. 

aCoHgCOH + CH3.CO.CH3 = C6H5CH:CH.C0.CH:CH.C6H5. 

Dibenzylidene acetone. 

All the unsaturated acids have the following properties in 
common. They form additive compounds with nascent 
hydrogen, halogen acids, and the halogens. On oxidation with 
alkaline permanganate in the cold, they take up two hydroxyl 
groups to form a dihydroxy-derivative, and, on further oxidation, 
ultimately divide at the double link. Cinnamic acid may be 
taken by way of illustration. On reduction it forms phenyl- 
propionic acid, with hydrobromic acid, / 3 -bromophenylpropionic 
acid (the bromine attaching itself to the ^-carbon, see p. 253), 
with bromine a/d-dibromophenylpropionic acid, on oxidation with 
permanganate, phenylglyceric acid and then benzaldehyde and 
benzoic acid, 

CVi^CliiCPI.CO.OH -1- I-I 2 = C6H5CH.^.CH2.C0.0H. 

Phenylpropionic acid. 

CiiHsCHiCH.CO.OH + HBr = CfiH5CHBr.CH2.CO.OH. 

Phenyl j3-bromopropionic acid. 

CfiHjCH-.CH.CO.OH + Br.^ = CfiHjCHBr.CHBr.CO.OH. 

Phenyl ajS-dibromopropionic acid. 

CfiHjCHiCH.CO.OH + H., 0 -i -0 = CfiHjCHOH.CHOH.CO.OH. 

Phenylglyceric acid. 

CfiUsCiriCH.CO.OH + 2 O 2 = CfiHfiCOH + 2 CO 2 + H.^O. 

Benzaldehyde. 

The chief difference between the two groups of o /3 and / 3 y 
unsaturated acids lies in the behaviour of the additive compounds 
which they form with hydrobromic acid and bromine. 

In the case of the acids, the hydrobromide of the acid, on 
boiling with water, yields the corresponding (B hydroxy-acid, 
and, on boiling with alkalis, a mixture of the original acid and 
the unsaturated hydrocarbon, formed by the elimination of 
carbon dioxide and hydrobromic acid, 

1. CTTCI-IBr.CHo.COOII + H.p = QH,CPIOH.CHo.COOH + HBr. 

* “ /3-Oxyphenyl-propionic acid. 

2. C„n5CHBi-.CH...COOH + NaOH = CfiHjCHtCH.COOH + NaBr 

Cinnamic acid. -{- Il.^O. 

C.H.CHBr.CH.,.COOII +NaOH = C6H-,CH:CII.j + CO.j +KaBr 

^ Styrene. 4- IJ.D. 

COHEN’S ADV. P. O. C. 
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The hydrobromides of unsaturated acids like / 3 -phenyl- 
crotonic acid behave quite differently. On boiling with water, 
lactones are formed, inner anhydrides of oxy-acids, 


C^iH 5 CIiBr.C 14 CIL.COOII - CqU^CILCIUCIL, + HBr. 


O- 


I 

— O 


Phenylbutyrolactone. 


The readiest method for distinguishing a / 3 y-acid, especially 
of the aliphatic series, is to heat the acid with a mixture of 
equal volumes of cone, sulphuric acid and water to about 140'. 
The lactone is formed if a j 3 y-acid is present, whereas an «^-acid 
remains unchanged. By diluting, neutralising with sodium 
carbonate, and extracting with ether, the lactone is separated, 
the a/ 3 -acid remaining in solution. 

An interesting relation exists between the two groups of acids. 
It has been found that, on heating /3y»acids with caustic soda 
solution, a shifting of the double link on the a/ 3 -position takes 
place, 

CbI-I5CH:CH.CHo.COOH = CeHsCIis.CHrCH.COOH. 

y jS a /3 a 


Preparation 95. 

Hydrocinnamic Acid. — The preparation illustrates the use 
of sodium amalgam as a reducing agent. It should be noted 
that hydrocinnamic acid may be also obtained from m.'donic 
ester by acting upon the sodium compound with benzyl chloride, 
then hydrolysing and removing carbon dioxide, 


QPI5CH0CI + NaCPI(COOC,PL.).> -> C,iII,CH..CH(COOCoH5).. 
-> C6H5CHo.CtI(COOH)o + C6H5CPL.CH2COOH. “ 


Preparation 96. 

Mandelic Acid. — The reaction furnishes a simple and 
general method for obtaining hydroxy-acids from aldehydes or 
ketones by the aid of the cyanhydrin. The formation of the 
cyanhydrin may be effected in the manner described or by the 
action of hydrochloric acid on a mixture of the aldehyde or 
ketone with potassium cyanide, or, as in the case of the sugars, 
by the use of liquid hydrocyanic acid and a little ammmiia. 
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IMandelic acid was originally derived from bitter almonds, and 
can be obtained by the action of baryta on amygdalin, the 
glucoside of bitter almonds, which breaks up into glucose and 
niandelic acid. Mandelic acid contains an asymmetric carbon 
atom, and is capable, therefore, of being resolved into optical 
cnantiomorphs (p. 262). This has been effected by fractional 
crystallisation of the cinchonine salt, from a solution of which 
the dextro-rotatory component first separates. Another method, 
known as the biochemical method, is to cultivate certain low 
organisms in a solution of a salt of the acid when one of the 
components is destroyed or assimilated. Thus ordinary green 
mould ['poiicilliiun') assimilates and removes thelmvo component, 
leaving a dextro-rotatory solution. These two methods, together 
with the separation of the enantiomorphous crystalline forms 
described on p. 123, comprise the three classical methods devised 
by Pasteur for resolving inactive substances into their active 
components. Mandelic acid may also be resolved by partial 
hydrolysis of its esters by the ferment ‘Mipase'’ (Dakin) ai.d 
also by the partial esterification of the acid with an active alcohol 
such as menthol (Marckwald). 


Preparation 97. 


PhenylmethylcarbinoL— The method of Grignard, of 
which this preparation serves as an illustration, has received a 
very wide application. The following is a brief and incomplete 
list of these reactions, in which the organic radical (R) represents 
within certain wide limits both an alkyl and aryl group : 

Hydrocarbons. The magnesium compound is decomposed 
bv water, 

RMgl + lioO R.PI -p iSrgl(OIi). 

Alcohols may be obtained from aldehydes, ketones, esters, 
acid chlorides, and anhydrides, 


^CO -f RiSIgl ^ 

R R ^R 


R 


,OH 

R 


O /OMgl yOlslgl Oil 

R.cf + RMgT-«>R.C(--OCJl5-->R.C;;;~R -^R-C— R 

^ ROCJI5 RR 


X 2 
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Aldehydes can be prepared from dimethylform amide, 

HCO.NRR -i- RMgI->HCR{OMgI)NRR->RCHO + TsTjiRRH- 

and from formic and orthoformic ester, 

HCO.OCoHg -f RMgl^RCHO + Mgl.OCaHs, 

Ketones may be obtained from cyanogen, cyanides, or 
/NMgl 

RCN 4 - RMgl ^ ^ -> R.CO.R + NH3 + Alg(OlI)I. 

At ids are produced by passing carbon dioxide into tl^ie ether 
solution of the magnesium alkyl compound, 

.OMgl ,OH 

RMgl -f- CO., R.C/ ^ + ^^Sl(OlI ). 

In addition to the above, Grignard’s reagent has been utilised 
in preparing olefines, ethers, ketonic esters, hydroxy-acids, 
quinols, amides, hydroxylamines, &c., for details of wliicii books 
of reference must be consulted^ 

Preparation 98. 

^ Benzoyl Chloride.— The formation of esters by ibe action 
of benzoyl chloride or other acid chloride on an alcohol or phenol 
in presence of caustic soda is known as the “ Schotteii- l^uumann 
reaction.” The reaction may also be employed in tlie p^repara- 
tion of derivatives of the aromatic amines containing- £ui acid 
radical, like benzanilide, CoHgNH.CO.CjjHg, 

C6H5COCl + NH.,.C6Hg-fNaOH = QjIIgCO.NHCeHg + MaCl + ILO. 


Preparation 99. 

Ethyl Benzoate. —The method of P'ischer and Speier for 
the preparation of esters, by boiling together the acid with the 
alcohol containing about 3 per cent, of either hydrocliloric acid 

1 Schmidt, Ahrens’ Vorirdge^ 1905, 10 , 68. r. 
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or cone, sulphuric acid, can be adopted in the majority of cases 
with good results, and has many advantages over the old 
method of passing hydrochloric acid gas into a mixture of the 
alcohol and acid until saturated. Read Notes on Prep. 15, 
p. 247. 


Preparation ioo. 

Acetophenone.~The “ Friedel-Crafts’ reaction,” of which 
this preparation is a type, consists in the use of anhydrous 
aluminium chloride for effecting combination between an 
aromatic hydrocarbon or its derivative on the one hand, and a 
halogen (.Cl or Br) compound on the other. The reaction is 
always accompanied by the evolution of hydrochloric or hydro- 
bromic acid, and the product is a compound with AICI3, which 
decomposes and yields the new substance on the adclition of 
water. This reaction has been utilised, as in the present case, 
(r) for the preparation of ketones, in which an acid chloride 
(aliphatic or aromatic) is employed, 

CoTTg -I- Cl.CO.CIT = CoH,.CO.CIL^ + IICl. 

Acetophenone. 

cji,, + a.co.c„n„ = c„H,,co.c,iH„ + nci. 

I>enzophenone. 


If a substituted aromatic hydrocarbon is used, the ketone 
group then enters the para-position, or, if this is occupied, the 
ortho-position. Substituted aromatic acid chlorides may also 
be used, and if the acid is dibasic and has two carboxyl chloride 
groups, two molecules of the aromatic hydrocarbon may be 
attached. If phosgene is used with two molecules of benzene, 
benzophenone is obtained, 

2CcHc -h CI2CO = QHs.CO.QHjj + 2HCI. 

Benzophenone. 

(2) This reaction may be modified by decreasing the propor- 
tion of the hydrocarbon, and an acid chloride is then formed, 

-I- ClCOCl = C,,H,.COCl + ITCl. 

Benzoyl chloride. 
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(3) With an aromatic hydrocarbon and a halogen derivative 
of an aliphatic hydrocarbon or aromatic hydrocarbon substi- 
tuted in the side-chain, new hydrocarbons may be built up (see 
Prep. 102, p. 214), 

P CJI,Th- = C,;Hr,.CoH. + lIBr. 

Ktliylbenzene. 

CeHti P ClCILXV.IIn - C,;lL..CI4C,TIn P MCI. 

Diphenylmethane. 

sQiic + C11CI3 = cii{c„ii.,)., -I- Sira. 

Triphenylniethane. 


Anthracene has been. S3mthesised from tetrabro methane and 
l^enzene by this method, 


Mo 


Br 

'Br 


CM ; Br 


CM Br 


CJI4 


.CM. 

C,II,:' I >CJl4 P 4nBr. 
CIV 

Anthracene. 


(4) Amides may be prepared by the use of chloroformamide. 


CcH« P ClCONHo = CoH,,.CO.NM.> p MCI. 


The chloroformamide is obtained by passing HCl gas over 
heated c^^anuric acid (Gattermann), 

IIOCN p MCI = Cl.CONMo. 

(5) Hydroxyaldehydes have been obtained indirectly by the 
use of the crystalline compound HCl.HCN (which hydrochloric 
acid forms with hydrocyanic acid) acting upon a phenol ether, 

yOCll^ 

CcILpCIT, P HCl.HCN = 

^CILNH. 

The aldime is subsequently hydrolysed with dilute sulphuric 
acid (Gattermann), 


.OCPIo yOClV 

C6M4< ' p HoO = CgHX ■ P NH,. 

^C:NH “ ^COH 


In addition to the Friedel- Crafts’ reaction, the aromatic 
ketones may be obtained by distilling the calcium salt of the 
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aromatic acid or a mixture of tlie salts of an aromatic and 
aliphatic acid. The reaction is precisely analogous to the 
process used for the preparation of aliphatic ketones, 

aQPInCOOca' = QIP.CO.QH, + CaCO.>. 

Benzophenone. 

CuIl.,COOca' + ClljCOOca' = C,;lI.,.CO.CI-L + CaCO.. 

Acetophenone. 


They possess the usual properties of ketones of the aliphatic 
series (see p. 69), which are illustrated by the various reactions 
described at the end of this preparation.. 

A special interest attaches to the oximes of those ketones 
which contain two different radicals linked to the CO 
group. Many of these substances exist in two isomeric 
forms, which are readily converted into one another. Phenyl- 
tolylketoxime exists in two forms and benzildioxime in three 
forms, which cannot be explained by structural differences 
of constitution. They must therefore represent different 
space configurations of a type analogous to that of citra- 
conic and mesaconic acid (Flantzsch, see p. 265). They 
are distinguished by the terms “ syn ” and “ anti,” corresponding 
to “ cis ” and “ trans ” among the unsaturated acids. “ Anti ” 
signifies away from the group, the name of which follows ; 
‘‘syn” signifies the position near that group (see pp. 283 and 

30 0 , 

Con,.c.cji4.cri3 CGII5.C.CJI4.C1I3 

HO.N _ N.OH 

.Sj>/7z-Phenyltolylketoxime. «//-PhenyUolylketo.xime. 

Benzil forms three di oximes which are distinguished uy the 
names “ syn,” “ anti,” and “ amphi.” 

C,TI,C.C.C«H, C.C,H, Cell^.C C.QJi, 

HO.N N.OH HO.N HO.If N.OH IIO.N 

anti. amphi. syn. 

The action of PCl^ on these substances, known as Beckmann’s 
reaction, is of great importance in distinguishing the different 



312 


PRACTICAL ORGANIC CHEMISTRY 


forms of ketoximes. The two isomeric phenyltolylketoximes 
yield two different amides, 


CeHg. C. C,H,. CMo C^Hg. C. CeH4CH, OC. C^n^Cll, 

II II ^ I 

I-ION Cl.N QH5HN 

Toluic anilide. 

Q;Hn. C. CJ I4CT I, CJG. C. Q,I I4. CII, CJInCO 


Non 


N.Cl 


NIICoTI^CIT, 

Renznic toluidc. 


Toluic anilide, on h^^drolysis, forms toluic acid and aniline, 
whereas benzoic toluide yields benzoic acid and toluidine. It 
follows therefore that, in the original compound, the first con- 
tains the hydroxyl nearer the phenyl group and the second 
nearer the tolyl group. 

For further details on the stereoisomerism of nitrogen com- 
pounds, the text-book must be consulted. 


Preparation ioi. 

Diphenylmethane.-— This reaction is analogous to that of 
aluminium chloride on a mixture of benzene and benzyl chloride 
referred to in the notes on Prep, too, p. 310. The reaction is 
also effected by the use of zinc dust or finely-divided copper 
(Zincke). 


Preparation 102. 

Triphenylmethane. — This is another example of the 
“ Friedel-Crafts’” reaction, which has already been referred to 
in the notes on Prep. 100, p. 309. 

The synthesis of pararosaniline from triphenylmethane is one 
which has gone far to solve the problem of the constitution of 
the important class of triphenylmethane colouring matters. 

Rosaniline or magenta was originally obtained by oxidising 
with arsenic acid a mixture of aniline with p- and 
toluidine. The product was then lixiviated and treated with 
common salt, which converted the arsenate into the hydro- 
chloride of rosaniline. Pararosaniline was prepared in a similar 
way from a mixture of aniline and /-toluidine. The series 
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of reactions by which triphenylinethane is converted into para- 
rosaniline may be represented as follows : — 


yCJd, /CJT4NO0 /QH4NH0 /QH.NHo 

I HCf-CgH^NOr, ^ HC~QH4NH.; (HOjCeQH^NH; 

\C6H4NO: \C6H4NH; \C6H4NH:, 

Tripbenylmelhane. - Paraleucanilina. Pararo.annine 


I>y the action of hydrochloric acid on the base, the hydro- 
chloride of pararosaniline is formed, which is the scrluble 
colouring matter, 

IIO.C(C:ll4NTT.3)o -1- IICl = C(C,;H4NI-To):>Cl IToO. 


The constitution of the hydrochloride is doubtful ; but the 
so-called quhwnoid structure, by which the substance is repre- 
sented as a derivative of quinone, is generally accepted, 


II 

C 


uc/ Vll 


HC 


\ 




CIl 


\/ 

c 


!l 

Nii.iia. 


T'avavosaiuUne hydrochloride. 


The formation of rosaniline from a mixture of aniline, c- and 
/-toluidine is represented by assuming that the methyl-group 
of /-toluidine acts as the link which connects the nuclei of 
aniline and c-toluidine. 


/ 

lie 


.€,114X11., 
11 11 

11 II 


CVI4XH.3 + 

C II 




C,Il4NIIo 


30 - IIO-C~C,ll4NH2 A 
^C„1I, 




2H,0 


Rosaniline base. 


Preparation T03. 

Benzaldehyde Green.— The formation of malachite 
grCijn (benzaldehyde green) by the action of benzaldehyde 
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upon diinethyla.niline in presence of zinc cbloiide, nnd subse- 
quent oxidation of tbe product, may be interpreted on similiar 
lines, and bas already been referred to. (See notes on Prep. 59, p. 
279). 


.C„H, 


. 

H 


CJI,N(CIIJ., 

C,iH,N(CIl3)» 


/CaHs 

-> HCf C„H,N(CI-L,), 
^C„H,N(CIL)., 

Leukobase of 
malachite green. 


/CM I, . /C|,1I,^ 

HCfCJLN(CII.,y-l- o = IIO.C^C,dbN(CIL)., 

Vein N(CIi;.).: '■C„Il4N(CH,)., 

Base of malachite 
green. 

Tbe preparation of “ ciystal violet” from Micbler’s compound 
and dinietbylaniline in presence of POCl. may be explained in a 
similar fashion, 

-^CsIl4N(CII,,)2 /CJIjNlCIL,). 

°‘^\C,ILN{CH.,)., = IIO.cfCobbNlCIL.)., 
HCcH4N(C'lf:;)., \C„H.,N(CIb,).. 

Base of crystal 
violet. 

The constitution of the hydrochlorides of malachite green and 
crystal violet will appear as follows 

^/C,.H4N(CII,)o 

^\Qll4N(CH,)i> ,Cull4N(CH.,)2 

C 


/\ 


IIC,^ ^CII 

HCr; ||CII 

IIC',^ Icii 

Jen 

\/ 

\/ 

c 

c 

II 

11 

N(CH3)o 

1 

N(CH3)o 

1 

1 

Cl 

1 

Cl^ 

Malachite green. 

Crystal violet. 


Preparation 104, 

Phthalic Acid. In the formation of phthallc acid by the 
oxidation of naphthalene with sulphuric acid, the mercuric ^ul- 
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j)]iatc ads as a t alah si. 'lludaller rcai^cni lias been used success- 
fully in otIuM' ()xi(.lisin;4 procc'sses, allhoui^li the manner of its 
action is not y('l explained, 'riie formation of jilithalic acid from 
naphthalene represents the initial staj^c in the manufacture of 
artificial indiL;<> Iroin coal-tar. 'J'he subsequent processes consist 
in conx ertinq the acid into the anhydride by sublimation, the 
anliytiricle into phlhalimide by the action of ammonia yas, and the 
phthaliniidc' into anthranilic acid by the action of sodium hypo- 
broiiiitt‘ (llofmanifs reaction, see p. iSo). 




( '( ) 
( ■( ) 


< '< ) 

1 

/CON n Ill- 
Nil -> VAl/ 

t'o 

0:0011 


Nil. 




coon. 


'riu‘ anthranilic acid is then converted into indij^'o by 
combirfinq it with chloracetic acid and fusing' the product with 
caustic .alkali, which gix es indoxyl and finally indigo by oxida- 
tion, 

.NIL. /NllCllo-COOIi 

('.ilf, 1 c:i(:Mo.t'()OII ~ C,;!!/ 

(JOdll “ ‘COOII 


<VIf. 


NlI('ll...(h){)Il .Nil. 

C,;ll/ ^CH, 

< ■( )( )II ('O-^ 

I 

,u\Ml .Nil, 

C-C'' 

■' ( '.U' ' C‘( ) •' 

IikHki). 


Prkpa RATIONS 105 and 

Naphthalenesulphonate of Sodium. /3-Naphthol.-— 
'fhe formation of the suljihonic acid of naphthalene and the 
corresponding phenol by fusion with caustic soda is analogous 
to that of ben/.euc sul|)honic acid and phenol (see Prep. 74, 
p. 177, and 76, p. 179. It should be noted that naphthalene 
forms two series of mono-derivatives distinguished as a and 
compounds. By the action of sulphuric acid on naphthalene, 
liolli (I and (i sul))honi(: acids are formed. :\t a lower lempera- 
tur^ (too ) the |)roduct consists mainly of the a compound ; at a 
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higher temperature ( 170 ^) of the (3 compound. / 3 -Naphthol and 
its derivatives are used for the preparation of azo-colours (see 
Reaction 6, p. 163), and for that ofj8-naphthylamine. The latter 
is obtained by the action of ammonia under pressure on 
naphthol, 

C10H7OH + NH;5 = CioH.NHo + 

This reaction is resorted to for the reason that naphthalene 
forms only the a-nitro-compound with nitric acid. The method, 
similar to that used for preparing aniline from nitrobenzene, 
cannot, therefore, be employed for the production of ^-naphthyl- 
amine. a-NaphthoI is mainly used for the manufacture of 
yellow and orange colours (Martins and naphthol yellow) by 
the action of nitric acid, and are similar in constitution to picric 
acid (see Prep. 107). 

The naphthols differ from the phenols of the benzene series 
in forming ethers after the manner of aliphatic alcohols, viz., by 
the action of sulphuric acid on a mixture of the naphthol and the 
alcohol, which the other phenols do not, 

CjoHkOH -f CH 3 OH = CioH 70CH.^ -I- I-Lp 
Naphthyl methyl ether. 


Preparation 108. 


Anthraquinone. — The constitution of anthracpiinone is 
derived from various syntheses, such as the action of zinc dust 
on a mixture of phthalyl chloride and benzene, or by heating 
benzoyl benzoic acid with PP5, 


.COCI /COv 

QII, r + CJI« = QII,/ >Q;II, -f allCl 
"COCI 

.CO.CJP, .CO. 

QH/ = CJ-I/ >C,II, + IT..O. 

^COOM Vio/ 


Unlike benzoquinone, it is not reduced by sulphur dioxide 
(see Prep. 85, p. 193). Heated with HI or zinc dust it is con- 
verted into anthracene. 


Preparation no. 

Alizarin. — The first s^mthesis of alizarin is due to Graebe 
and Liebermann (1868). The present method was discox^ered 
simultaneously by these chemists and by Perkin. By the acition 
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(jf funiing sulphuric acid on anlhraquinone, the main product is 
/i-anthraquinone monosulphonic acid, 
yCO\ 

“)|SO,H, 

I 0\ 

By fusion of the sodium salt with caustic soda and potassium 
chlorate, the hydroxyl groups enter the a and (S position. The 
constitution of alizarin is therefore 


CO 


Oil 


\/\co/x/ 

Alizarin. 

The l onstiUltion has been determined by its synthesis from 
phlhalic anhydride and catechol in presence of concentrated 
sulphuric acid (Baeyer), 

/COv /OH I /COv /OH I 

CoM/ >0 -h CoH,<( = CeH/ ^C^H,/ 

\C0^ ^OH 2 \C0/ ^OH 2 

Other colouring matters have been obtained by the oxidation of 
alizarin (purpurin), and by fusion of the disulphonic acids of 
anthraquinone with caustic soda (anthrapurpurin and flavo- 
purpurin). It is an interesting fact that, among the numerous di- 
and poly-hydroxyanthraquinones, only those which have the two 
hydroxyls in the af-i position are colouring matters (Liebermann 
and Kostanccki), 


OH 


CO 

pA°\/\0H 

hq/ Y Y V 

' i 


1 1 1 1 

Purpurin. 

Anthrapurpurin. 

CO 

I 1 i 


1 . 1 i 


Flavopurpunii- 
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Preparation hi. 

Isatin. — The formation of isatin from indigo may be 
represented as follows : — 






>C = C< >Qri4 = 2QH/ ^co. 


O ^ O 


/CO . 

Pseuclo-i.satin. 


Indiira. 


This compound represents the unstable pseudo- or lactam - 
form, and passes into the stable or lactim-fonn (Baeyer), 

-CO. 

C«II. >C(OII). , 

\ ■/ 

Isatin (stable form). 

There exists, however, some uncertainty as to which formula 
represents the stable form. Derivatives of 1)oth forms are 
known, and the compound offers an example of iautonici'ism 
(see Notes on Preps. i6, p. 252), or, as it has been also termed, 
pscudonicrisni. 

The constitution of isatin has been determined by its synthesis 
from £;-nitrophenylglyoxylic acid, 

/CO.COOH ^CO.COOH X'O. 

C,;H/ ■> QjPIA -> CJl/ JC{OU), 

^NO. ^NHo \ N 

which passes on reduction into the amino-compound, the latter 
forming the anhydride or isatin (Claisen). 


Preparation 112. 

Quinoline. — The formation of quinoline by Skraup’s 
reaction^’ may be explained as follows : The sulphuric acid 
converts the glycerol into acrolein, which then combines with 
the aniline to form acrolein-aniline. The latter on oxidation 
with nitrobenzene yields quinoline, ^ 
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cn,()n.ciioii.cn,oir cil:Cii.c'oii + 211.0 

Acrolein. 

i OCll.CII :CIU = C'liUsN : Cll.CIt :CII.j + II.p 

Acrolein aniline. 




Oil 
Cl I 

I 

CIL 


IL.O. 




\/\/ 

N 

Quinoline. 


'Vhe reaction is a very general one, and most of the primary 
aromatic amines and their derivatives can be converted into 
ciiiinolinc derivatives, ])rovided that one ortho-position to the 
amino-group is free. t?-Aniinophenol, for example, yields 
/^-hydroxyquinoline in the same way, 


/\ 


<?-AminophenoI. 


->■ 


|/\|/\ 

\A/ 


on N 

( 3 'Hydro.vyquinolinc. 


Preparation 113. 

Quinine Sulphate.— Quinine belongs to the group of 
“ vegetable bases” or alkaloids. These substances are widely 
distril:)uted among different orders of plants, and are usually 
colourless, odourless, and crystalline solids. A few, however, 
are liquids (conine and nicotine), and possess an unpleasant 
smell. There is no general method by which the alkaloids can 
l)c isolated from the plants in which they are found. They 
usually exist in combination with acids, such as malic, lactic, 
and other common vegetable acids. Frecpicntly the acid present 
is peculiar to the plant in which it occurs. Quinine and the 
other cincliona alkaloids are found in combination with ciuinic 
acid, morphine with rneconic acid, aconitine with aconitic 
a(’id, &c. A common method for separating the alkaloid is to 
add an .alkali. If the base is volatile in steam, like conine, it 
is distilled witli water ; if, as generally happens, the substance 
is iTtm-volatile, it is e.xtracted by means of a suitable volatile 
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solvent, such as ether, chloroform, alcohol, amyl alcohol, &c. 
The solvent is then distilled off, and the alkaloid, which remains, 
is either crystallised or converted into a crystalline salt. 

The alkaloids are strong bases, which turn red litmus blue, and 
are very slightly soluble in water. They form soluble salts and 
double salts with platinic and auric chlorides. The principal 
general reagents for the alkaloids are : 

1. A solution of iodine in potassium iodide, which forms a 
reddish-brown precipitate of the periodides. 

2. A solution of phosphomolybdic acid in nitric acid, which 
gives yellow precipitates of different shades. 

3. A solution of potassium mercuric iodide, which forms white 
or yellowish-white precipitates. 

The constitution of quinine is not yet elucidated. Its relation- 
ship to quinoline has long been knoum, since it gives this 
substance on distillation with caustic potash (Gerhardt). 


Prepar.^tion 1 14. 


Phenylmethyltriazole Carboxylic Acid. — The mother 
substance of this compound is a triazole, viz., pyrro-af:^-diazole, 
which is one of four isomeric compounds : 


NH 

NEI 

Nil 

NH 


n/\ch 

n/\ch 

HC/\CH 

IIC'^ — licH 

nL]!cii 

HCll — I'N- 

nU — l'n 

Pyrro-aa'-diazole. 

Pyrro-ajS-diazole. 

Pyrro-a/3'-dia2ole. 

Pyrro-/ 3 ^'-[liazule. 


Pyrro-a^-diazole was first obtained by the oxidation ofazimido- 
toluene, which in turn was prepared by the action of nitrous 
acid on 6>-toluylenediamine, 




H 00 C.C||T|N 


HO.OC\/ 

HOOC.cUn 

Azimidololuene. 

Azimidobenzoic acid. 

Triazoledicarboxj'lic acid 
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It is a colourless oil, b. p. 280", with the properties of a weak 
secondary base, dissolving in acids, and forming easily hydro- 
lysable salts. 

The reaction described in this preparation is of a general 
character, and'furnishes a useful method for preparing members 
of thb series of heterocyclic compounds. Diazobenzolimide 
condenses in a similar fashion with ketones (acetophenone) and 
dibasic esters (malonic ester) as well as with ketonic esters, as in 
the present case. These substances possess the usual properties of 
cyclic compounds ; carboxyl may be removed as CO.j, and alkyl 
side-chains oxidised to carboxyl ; they may be sulphonated and 
nitrated, and the nitro-group reduced to an amino-group ; the 
phenyl group attached to the nitrogen may also be removed by 
oxidation. Thus, phenylmethyltriazole carboxylic acid loses 
CO^ on heating, and on oxidation the methyl group becomes 
carboxyl and can also be removed in the same way. The 
resulting product is phenyl triazole. The properties of the 
individual triazoles are influenced, like other cyclic compounds, 
by the groups attached to the nucleus, and to some extent also by 
the basic character of the mother substance. 


% 
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HINTS ON THE INVESTIGATION OF ORGANIC 
SUBSTANCES 

Provide yourself with a good book of reference, or chemist’s 
pocket book which contains tables of physical constants. 
Homogeneity. — Determine if thesubstanceishomogeneous. 
A Liquid. — If it is a liquid, distil a few c.c. from a miniature 
distilling flask with a long side-tube, but no condenser, or with 

the apparatus shown in 
Fig. 86, in which the con- 
densing surface is sup- 
plied by an inner tube 
through which water per- 
colates.^ 

Use a thermometer and 
collect the distillate in a 
test-tube. Note the boil- 
ing-point, and observe if 
it fluctuates or remains 
constant and if any solid 
residue remains. A low 
boiling - point generally 
denotes a low molecular 
weight. A portion dis- 
tilling in the neighbour- 
hood of loo'^ may indicate 
the presence of water. 

It is useful to shake a 
known volume (5 c.c.) of 
the liquid with an equal 
volume of water and to 
note if the substance dissolves, or if any marked change in the 
volume of the liquid occurs. A convenient apparatus for this 

1 This apparatus can also be used as reflux condenser or for collecting evolved gas 
if the side piece is furnished with a delivery tube dipping uiider water or mCrcury. 
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purpose is shown in Fig'. 87, which is merely a small and narrow, 
graduated cylinder holding- 10 c.cd The solubility of a portion 
of the liquid is an indication of the presence of a 
mixture. Furthermore, the specific gravity of the in- 
soluble portion (its floating or sinking in the water) 
will be roughly indicated and should be noted. 

A Solid. — If the substance is a solid, examine a 
few particles on a slide under the microscope, or, 
better still, recrystallise a little if possible and notice 
if the crystals appear similar in shape. If it is a 
mixture, try to separate the constituents by making a 
few trials with different solvents, water, alcohol, ether, 
beirzene, petroleum spirit, ethyl acetate, acetic acid, etc. 

If it appears homogeneous, determine the melting- 
point, the sharpness of which will be a further con- 
firmation. If it turns out to be a mixture, it must 
be further treated in the manner described under 
“ mixtures” (p. 343). 

The Action of Heat. — We will assume in the first 
place that the substance is homogeneous and consists 
of a single individual. Heat a portion on platinum foil and 
notice if it volatilises, chars, or burns with a clear, luminous, 
non-luininous (aliphatic), or smoky (aromatic) flame. Determine 
the nature of the residue, if any, when the carbon has burnt 
away. 

Metal or metallic oxide or carbonate may indicate the presence 
of an organic acid, phenate, or double salt of a base. 

Sulphate^ sulphite^ or sulphide may indicate a sulphate, 
sulphonate, mercaptan, or bisulphite compound of an aldehyde 
or ketone. 

Cyanide may indicate a cyanide or ferrocyanide, etc. 

Hecit a little of the substance in a small, hard-glass tube and 
observe whether the substance melts, chars, explodes, sublimes, 
or volatilises ; whether an inflammable gas, water, etc., is e\'olved ; 
also notice the smell. 

Carbohydrates, polyhydric alcohols, higher organic acids (f.^., 
stearic), dibasic and hydro.x^^-acids tartaric), certain amides 
oxamide), alkaloids, and azo and other organic colours char 

1 Both pieces of apparatus (Figs. 86 and 87) can be obtained from Mr. O. Baum- 
bach, Lime Grove, Oxford Street, Manchester. 
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Fig. 87. 
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pounds are volatile without decomposition. 

The Elements. — Test for nitrogen,^ sulphur, and halogens. If 
none of these are found, carbon eind h\'drogen are present and, if 
the substance has given off water or is soluble in water, it may 
be assumed that oxygen is present as well. The action of sodium 
on the substance, if licpiid, or on its solution in benzene orligroin, 
if solid, should be tried in the apparatus. Fig. 86, and the gas 
evolved ' tested for hydrogen, which if present, may indicate 
hydroxN’l, ketone, or ester groups. 

The presence of nitrogen may indicate an anunoiilinn salf^ 
ori>‘(Vilc base (ami/ie or alkaloui\ auiiiw-add^ aniidc^ cyanide^ 
x'SiOcyaJiide^ oximcy nit rose- or nitro-conpound^ azo~conipound^ etc. 

The presence of sulphur may indicate a sidphateof an organic 
base^ alkyl sulphate^ sidphiit\ sulphide^ mercaptan^ sidphonic acid^ 
bisulphite compound of aldehyde or ketone. 

The presence of a halogen may indicate a haloid salt of a 
base^ alkyf alkyleju\ or ajyl halide.^ acid halide.^ haloid derivative 
of an aldehyde or acid. Some substances, like mustard oils., 
amino-sidphonic acids and thioamldes^ contain both nitrogen 
and sulphur. 

Solubility. — Try if the substance dissolves in hot or cold 
water. Apart from the salts of organic bases and acids, many of 
which are very soluble in water, the solubility of simple organic 
substances is generally determined by the presence of the OH 
group (including CO.OH and SO2.OH groups) and to some 
extent by the NH2 group. The greater the proportion of OH 
g.rcups to carbon, the greater, as a rule, is the solubility in water. 
The lower alcohols, methyl, ethyl and propyl alcohols, are 
miscible with water; normal butyl and A(5butyl alcohols (fermenta- 
tion) dissolve in about 10 paits of water at the ordinary tempera- 
ture ; amyl alcohol (fermentation) in about 40 parts of water. The 
first two may be separated from solution by the addition of solid 
potassium carbonate. The addition of common salt is sufficient to 

1 It is sometimes difficult to detect nitrogen by the sodium test. The result should 
not be regarded as conclusive, especially if the substance is volatile, unless it has 
been dropped in small quantities at a time into the melted metal, which should be 
heated in a hard-glass tube clamped in a retort-stand. Special care must be used with 
nitro-compounds, "which may explode and shatter the tube. 
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sfi)araU‘ tlu' Iasi three (proi)yl, Inityl, and amyl). The poly- 
hydru ah'()h< )ls,«^lyc()l, ,^Iyceroi,and mannitol, and also substances 
like the Mi-ais an* extremely solulde, for the proportion of OH 
14 roups to carbon is hii^h. flrdinary phenol requires for solution 
1 5 parts ot watcrr, whereas the di- and tri-hydric phenols readily 
dissoh a*. I lu* same a])plics to acids. 'Phe lower monobasic 
aliphatic ac’ids (tormic, ai'etic, propionic, and normal butyric) 
are easily soluble in water, whereas /.wbutyric requires 3 parts 
and \ah‘ric about 30 parts ot water. The last three separate 
from water on the addition of salt. The dibasic and hydroxy- 
a<'i<ls, where tin* propoi'tion oi c'arl)on is small (succinic, tartaric, 
and citric !, an* naturally more soluble than the monobasic 
at i<ls lias'in;^ ih«‘ same number of carbon atoms. 

'1‘lie majority ot aromatic* ac'ids are not very soluble In water 
at tbe (udinary tempcTature, for the proportion of carbon to 
carboxyl is hit^h ; tlu* hydroxy- and polybasic and also amino- 
at'itbi arc more soluble than the unsubstituted monobasic acids 
ior, it' substituted, where tlu* sultstituents are halogens or nitro- 
yroups, which tliminisli, as a rule, tbe .solubility). One thou-sand 
parts of water dissolvi* al>otU 2}, parts of benzoic, parts of 
•udicslic, b parts of plubalic, and 159 parts of mandelic acid. 
Acids.sm h as e.allic and tanni(' acids arc readily soluble in water. 

‘Pin* sulphonic ai'ids and also jnany of their salts are very 
solubh*. 

'Phe lower ali})]iatic amines and amides arc soluble in water, 
but not the hij^her in(*mb(u's, nor the simple aromatic amines ; 
but sonu‘ (liamiiu's, amino-phenols and ainino-acids are moder- 
al('ly solubit*. .Many of tlutst* soluble compounds may be 
<‘xtiactetl with ether after salting-out (adding common salt to 
.saturation). If the sultstaiK'c is soluble in water,' it may be one 
of the aboxe-nauHsl compounds, or a lower aldehyde or ketone, 
ora !)isulphil(‘ compound of tliese substances, or the salt of a 
base or acid. 

'idle following is a list of the more solul)le organic compounds 
their boiling-points, melting-points and solul.'iilities, which .are 
roughly indicated by tin* letters .v. (solulde in cold water) //..v. 
fsohible in hot wateio. 
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vSoLUBLR Liquids and Solids. 



Soluble. 

Melting- 

poiitt. 

Boiling- 

point. 

1 

A IcoJioh — 



Methyl (p. 67) ' s. 

— 

66 

Ethyl (p. 49) ’> 

— 

78 

Propyl ,, 

— 

97 

?- ,, 

?/-PiUtyl 

,, 

— 

85 


— 

It/ 


— 

108 

Allvl (p. ioq) 


— 

97 

Benzi’l (p. 195) 

,, 

— 

207 

Glycol 

„ 

— 

^97 

Glycerol (p. 106) 



290 

ALhhydes — 




■ Formaldehyde 

•S, 

— 

- 21 

Acetaldehyde (p- 64) 

,5 

__ 

2r 

,, ammonia 


decomp. 

— 

Chloral 


— 

96 

Chloral hydrate (p. 99) 

,, 

57 

97 

Hutyl chloral hydrate ' 

,, 


clecornp. 

Acrolein 1 



52 

Ketones — 



Acetone (p. 69) | 

.s. 

— 

56 

Methyl ethyl ketone ! 

J, 

— 

St 

Bisulphite compounds of aldehydes and ketones j 

>• 

decomp. 


Ac his— ; 




Formic (p. 106) ! 

s. 

— 

TOO 

Acetic (p. 74) j 


— 

iig 

Propionic 


— 

140 

^/-Butyric (p. 98) | 


— 

163 

Cdtloracetic (p. S7) 


— 

155 


62 

1S6 

Uichloracetic 



190 

I’richloracetic (p. 99) 



195 

Bromacetic (p. 89) 


50 

208 

Aminoacetic (Glvcocoll) (p. oo) i 


236 

— 

Aminocaproic (Leucine) (p. 133) ' 

ll.S. 

66 

— 

Acrylic i 

s. 

10 

140 i 

Glycollic (p. 102) i 

5 , 

80 

decomp. 1 

Lactic i 




^ 

Glyoxylic acid (p. 102) i „ 

— 

der.oinp. 

Pyruvic (p. 124) j „ 

— 

165 

Oxalic (p. 100) (anhydrous) 1 ,, 

qS 


Malonic (p. 97) j „ 


decomp. 

Ethyl malonic 1 ,, 

112 

J J 

Succinic (p. 113) j „ 

I So 

1 forms \| 

1 anhyd. j ; 

Malic (p. 1 12) j ,, 

100 

decomp. ■ 

lartaric (p. ■ ,, 

i6q 1 

J J 

Citric (p. 124) ,, 

^54 i 


Citraconic (p. 125) ,, 

So 

anhyd. ; 

Benzoic (p. 302) 

ll.S. 

122 ^ 



<5-Chlorobenzoic ,, 

137 ! 



u-Ilromobenzoic ,, 

150 1 
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Soluble Ek^uidb an’d Solids {continued). 


\ 

Soluble. 

.Melting- 

point. 

Boiling- 

point. 

Acids — 




/J-Hydroxybenzoic (Salicylic) (p. igo> .... 

h.s. • 

155 

anhyd. 

tn- ,, i 

,, 

200 

— 

/- „ 


210 



<i-Aniinnl}enzoic (Anihranilic) j 

,, 

U 4 


)>(- „ ! 

,, 

174 


i 

,, 

1S7 , 

— 

O' I oluic I 


102 


»t' ,, 1 


ITO 

— 

/- ,, (p. T70) 1 

,, 

179 

— 

( lallic . . • • j 

s. 


— 


,, 

deconip. 

— 

Manclelic(p. c’os) ■ . . 1 

,, 

iiS 

— 

Henzilic (p. 20O ; 

h.s. 

150 

— 

Cinnamic (p. 204) i 

,, 


— 

Hydrocinnamic (p. 204) j 

,, 

47 

— 

Phtbalic (p. 217) j 

,, 

213 

anltyd- 

Benzene sulphonic (p. 177) 

s. 

51 

-- 

a*Naphthalene sulphonic 1 

„ 

90 

-- 

,, (p. 218) i 

^-Naphthol 6. sulphonic } 

,, 

IDO 

— 

,, 

125“ 


,, 6.8. disulphonic (1 i 


— 

— 

„ 3.6. „ P ■ 

,, 

— 

— 

Sulphanilic (p. 175) i 

h.s. 

decomp. 

— ■ 

Alkyl acid sulphates (p. 50) j 

s. 


— 

Sulphonal 

h.s. 

126 

— 

Phenols — j 




Phenol (p. 179) 

lt.s. 

43 

i2t 

Catechol , ! 

.s. 

T04 

245 

Resorcinol 1 

J, 

118 

276 

Quiuol (p. 193) 

,, 

169 

subl. 

Crcinol (cryst.) 

„ 

5 ^ 

— 

,, (anhyd.) 

Pyvogallol 

,5 

107 

— 

,, 

132 

293 

Pldoroglucinol 

h.’s. 

217 

subl. 

;z>-.Aminophenol (p. 146) 

1S4 

— 

a-Naphthol 


95 

— 

,, (P- 219) 


122 


L 'arhflJiydrate — 


146 


('rlucose(p. 135) 

s. 


Calactose 


163 


I.aevulose 


95 


Cane-.sugar 


j 6 o 



)1 

205 


IMaltose 

)> 

— 



h’s. 



St. arch 

Glucosides — 




i 1"' 

200 



1 h.s. 

1S7 




175 


« . 

i ’’ 

201 



% 
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Soluble Liquids and Solids {continued). 


1 ■ 

.Soluble. 

JMelting- 

point. 

Boiling- 

point. 

Bases — 

Methylamine (p. So) 

s. 


gas 

JJimethylamine 


— 


Trimethylamine 


— 


Kthylamine 


— 

ly 

JJiethylaniiiie 

,, 

__ 

57 

i Urethane 


52 

1 80 

Benz^^laniine 



iS 7, 

i < 7 - Phenylenecliamlne 

h.s. 

T02 


i w* „ (p- 155) 


dd 

__ 

^ (P- W 3 ) 

■ y-Amitiophenol (p. i^q) 


M 7 

— 


184 

— 

J-^’ridint i 



116 

1 Caffeine (p. 

' 



„ 

i A j) lutes amt Cyanides — 




1 Formainide 1 

s, 

— 

192 

' Acetamide (p. 77) j 


82 

222 

' Urea(p. 126) 


1.32 

decomp. 

'thiourea (p. 128) 

h.s. 

T72 

— 

Succinirnide 

s. 

T 26 



Benzamicle(p. 209) 

h. s. 

12S 



Forinanilide 


46 


Acetanilide (p. 151) ! 


II 2 

__ 

! Acetonitrile (p. 79) ‘ 

s. 

__ 

82 

, Satis of bases and acids. 

! 

I Arid anhydrides and c/z/orzVfi’.? dissolve gradually 

1 on warming and yield the acid. 

! 




The above preliminary investig-ation will determine the further 
course of investigation, but the following rough plan may serve 
as a guide. 

§ L SINGLE SUBSTANCE SOLUBLE IN WATER 
I. Contains only Carbon, Hydrogen and Oxygen.— 
The number of such substances, as seen from the above table, is 
comparatively small. It may be an alcohol^ aldehyde or ketone 
of low molecular weight, acid^ pJie7ioI^ caidwhydrafe or glueonde. 
Acids . — Make a solution (if not already dissolved) and test 
with litmus. If the liquid is acid, a free acid is probably present. 
If the liquid is neutral and a metal has been found, a metallic 
salt is probably present. If the liquid is alkaline, it may be the 
alkaline salt of a phenol or an alkaline cyanide, both of which 
are hydrolysed in solution. The separation and identification of 
the acid is not a very simple matter. If the acid is an aromatic 
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or an aliphatic acid of high molecular weight, in short, any acid 
which either does not appear in the table or is marked as only 
soluble in hot water, a few drops of cone, hydrochloric acid will 
usually precipitate it, and it may then be filtered, or removed 
with ether, and its melting-point determined. If no precipitate is 
formed, but the solution turns brown on the addition of an alkali, 
tannic or gallic acid may be present. If the acid is volatile 
and has a distinctive smell (formic, acetic, butyric, etc.), the 
solution should] be acidified with sulphuric acid and distilled. 
The distillate will contain the free acid, which will probably 
liave a distinctive smell. Individual tests may then be directly 
applied, but it is preferable to neutralise the distillate with 
caustic soda and evaporate to dryness on the water»bath, so 
as to obtain the sodium salt before testing. The free acid may 
be soluble and non-volatile, like oxalic, tartaric, succinic, citric, 
etc., and then special tests must be applied (see tests for these 
acids). 

Phenols , — If it is a free phenol, ether will extract it from its 
aqueous solution. If it is present in alkaline solution, the solution 
should first be saturated with carbon dioxide, (n.b. — The alkaline 
solutions of catechol, quinol and pyrogallol darken rapidly in 
the air.) The following tests should then be applied. 

Ferric chloride reaction . — Dissolve a drop of the free phenol 
in water and add a drop of neutral ferric chloride. A green 
(catechol), blue (orcinol, pyrogallol) or purple (phenol, 
resorcinol) colouration is produced, which is often destroyed by 
acid or alkali. Quinol is oxidised to quinone, and turns brown 
(p. 193). The naphthols give precipitates of dinaphthol (p. 220). 

Schotten’-Bauma 7 i 7 i 7 'eactio 7 i (p. 209). — This maybe applied to 
the pure phenol in order to obtain the benzoyl derivative, and the 
melting-point determined, or the acetyl derivative may be pre- 
pared by boiling for a minute with acetic anhydnde with the 
same object. 

Tlie action of bromine water (p. 180), Liebermann’s nitroso- 
reaction (p. 180) and the phenolphthalein reaction (p. 186), using 
cone, sulphuric acid or zinc chloride, may also be applied. 

Alcohols , — It may be a liquid alcohol (methyl, ethyl, 
propyl, etc., glycerol, benzyl) or a solution of it in water. In the 
former case its boiling-point will have already been determined. 
Itfnay be further identified (i) by converting it into the benzoic 
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ester by the Schotten-Baumann reaction, and determining the 
boiling-point or melting-point ; (2) by oxidation with excess of 
bichromate mixture (10 grams of K2Cr207 in 100 c.c. dilute 
sulphuric acid, i : 3 by volume). The alcohols are boiled for some 
time with reflux condenser, and the product distilled, neutralised 
with alkali and evaporated on the water-bath and the sodium 
salts tested. Glycerol will be identified by its viscid character 
and reactions (p. 106). If the alcohol is in aqueous solution, it 
should first be fractionated and potassium carbonate added to 
the distillate, when the alcohol will separate. Glycerol or glycol 
in aqueous solution may be separated by evaporation on the 
water-bath. 

Aldehydes a? 7 d Kefones are detected in the first instance 
by: (i) Shaking with a cold saturated solution of sodium 
bisulphite (see Reaction 2, p. 67). (2) Adding to the aqueous 

solution y^-bromo- or /-nitro-phenylhydrazine acetate solution 
(see Reaction 2, p. 70). 

The aldehyde may be distinguished from the ketone by its 
reducing action on alkaline copper sulphate, ammonia-silver 
nitrate and by SchifiPs test (see Reactions, p. 67). 

Carbohydrates will char on heating, and give off water and emit 
a smell of burnt sugar. The substance is tested with alkaline 
copper sulphate, ammonia-silver nitrate, phenylhydrazine acetate 
or Molisch’s test (seep. 136). Cane-sugar will not respond to 
these reactions until it has been boiled for a few minutes with a 
few drops of dilute sulphuric acid and inverted (see Prep, and 
Notes). Special tests may then be applied to identify the 
particular sugar. A few glucosides are soluble in water, and give 
the sugar reactions after boiling with dilute acid. 

2. Contains Nitrogen. — First test the original solid or 
liquid by heating in a hard-glass tube with soda-lime (p. 2), and 
notice if the smell is that of ammonia (ammonia salt, amide or 
cyanide), an amine (amine or amino-acid) or a pyridine base 
(alkaloid). 

Dissolve the substance in water,, add caustic soda solution and 
warm. 

Ainmoinuri or amine salts^ if present, emit the smell of 
ammonia or amine ; if the salt of an insoluble organic base is 
present (a/nine, aikaloiii)^ it may be precipitated as a liquid or 
solid. Salts of aliphatic bases and bases such as benzylanvne 
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and pipericliii.e are neutral ; salts of aromatic bases (amino- 
group in tlie nucleus) are acid. A soluble organic base (lower 
amine, bci'i zyla.mine, pyridine) will be detected by its smell. Most 
aromatic no-compounds and alkaloids are insoluble in water. 
Some aronia.tic diamines and aminophenols ai'e moderately 
soluble. X'he nature of the amine, whether primary, secondary, 
or tertiary, slaould then be investigated as described under § II. 

A of both the aliphatic and aromatic series will also 

come unclear tli is head. Substances like glycocoll, alanine, etc., are 
\'ery solul^le in water, giving neutral solutions, and may be 
identified l^y means of the copper salt (see p. 91). Amino-acids 
of the aliphatic series also evolve nitrogen when treated with 
sodium nitrite and hydrochloric acid, and give olf amines when 
healed uMth soda-lime. Amino-acids of the aromatic series 
may be cliazotised and coupled with phenols, like aromatic 
amines (see p. 151). 

A a/id Cyanides. — Many amides and a few cyanides are 

soluble iiTL water. They are decomposed by hot concentrated 
aqueous or a.lcoholic caustic soda solutions, by concentrated 
hydrochloric acid or sulphuric acid (equal vols. of acid and water) 
on long refluix boiling. In the first case, ammonia is evolved ; in 
the laltei- two cases, salts of ammonia are formed, which yield 
ammonia on heating with excess of caustic soda. Anilides 
behave similarly, but aniline in place of ammonia is liberated and 
must be loolcedfor. Some amides are difficult to hydrolyse with 
any of tlaese reagents. In such cases, gently heating with 
a mixture of one volume of cone, sulphuric acid and two 
volumes of ethyl alcohol will yield the ester of the acid and 
ammonium sulphate. The ester can then be separated by 
adding a little water and extracting with ether, and can be hydro- 
lysed aiacl the organic acid identified (see p. 333), whilst the 
aqueous solution, after driving off dissolved ether, will give the 
smell of jmaiiionia on warming with excess of alkali. 

3. Contabins Halogen, — It may be a haloge?i acid {e.g.^ 
chloracetic jicid) or its salt, or the hydrochloride of a base or 
aniino~(i^^/dy or a sidistiticfed aldehyde (chloral, butyl chloral). 
If it is a free halogen acid, the solution will have an acid reaction, 
and tlie solution will remain clear on adding caustic soda. If it 
iif Uie hydrochloride of a base, it will give a precipitate with 
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AgNOo, and the addition of caustic soda will cause the base to 
separate (if insoluble) as solid or liquid, or, if the base is volatile, 
will produce a strong ammoniacal smell. The further examination 
of the base is the same as that described under § I, 2. Acid 
chlorides are usually insoluble in water, but rapidly decompose, 
and may pass into solution as the free acid, giving at the same 
time free hydrochloric acid. 

4. Contains Sulphur.— It may be the snlphaic of a base, 
in which case the solution will give a precipitate with iDariuni 
chloride, and the process of examination is that described under 
§ I, 2. Heat with dilute hydrochloric acid. The bisitlpliifc 
i'ompoimd of an aldehyde or ketone will be decomposed and 
sulphur dioxide evolved. An alkyl acid sulphate will also be 
decomposed, and free sulphuric acid will be found in solution 
(see Reaction, p. 54). Distil with dilute sulphuric acid, and 
test the distillate for volatile aldehyde or ketone. y^.-Bromo- and 
j?^-nitro-phenylhydrazine are useful reagents (see § I, i). An 
acid ester of sulphuric or sulphurous acid will also be decomposed 
by dilute sulphuric acid, and the distillate may be tested for an 
alcohol. If it is an aroinatic stilpho 7 iic acid^ it may be distilled 
in steam with the addition of cone, sulphuric acid, when 
the hydrocarbon will distil (p. 292), or fused with caustic potash, 
when the phenol will be obtained (p. 179). Thiourea will also 
appear under this head, and should be looked for. Heat a little 
of the substance to the melting-point for a minute, and test for 
thioevanate with KCl and FeC 4 

§ 'iL SINGLE SUBSTANCES, INSOLUBLE OR 
SLIGHTLY’’ SOLUBLE IN HOT OR COLD WATER.—This 
category includes the majority of organic compounds. 

I. Contains only Carbon and Hydrogen, or Carbon, 
Hydrogen, and Oxygen. 

Liquids. — It may be a hydroca^'bon (paraffin, olefine, aromatic) 
higher alcohol {e.g.^ amyl alcohol), aldehyde {eg.^ benzaldehyde) 
ketone {eg.y acetophenone) acid (c.^., valeric acid), c/Z/cr, este?^^ 
phenol (egy airvRcrol) p/ie?iol ether (eg. ^ anisole). 

Hyd 7 'ocarho 7 is. — The action of sodium when testing for the 
elements will already have indicated the hydrocarbon by its 
inertness. The immediate decolourisation of bromine water will 
identify it as an unsaturated hydrocarbon. A paraffin may be 
distinguished from an aromatic hydrocarbon by treating tlTe 
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liquid with a mixture of concentrated sulphuric and nitric acids, 
(p. 143;. 'I'hc product is then poured into water. If the product 
sinks as a yellow liquid or solid it is probably a nitro-compound 
and the original hydrocarbon is aromatic. If it floats unchanged 
on tlic surface of the water, it is probably a paraffin. \n 
aromatic hydrocarbon also dissolves in fuming sulphuric acid on 
warming and shaking and does not separate on pouring the 
solution into water. A ])araffin is unacted on and separates on 
the surlacc. There is also a marked difference in the smell of 
the two classes of hydrocarbons. 

I higher Alcohols and Phenol. — The subst£ince will react 
with metallic sodium yielding hydrogen, with phosphorus 
peiUachloridc giving HCl. It can be identified by its 
boiling point and by the b.p. or m.p. of the benzoic ester (p. 208). 
In the case of a phenol it will possess a phenolic smell and may 
give a, distinctive colour reaction with FeCI^ (p. 180). 

Aldehydes and K clones. — The usual tests are applied 
(P- 330)* 

A c/ds. -Tho number of liquid, insoluble acids is very limited 
and is confined to the aliphatic series. They possess distinctive 
b.p.’s and smells and dissolve readily in a solution of sodium 
carbonate. 

Elhcrs and Phenol Ethers have usually a pleasant odour 
and if the methyl or ethyl ether is present are decomposed on 
heating with strong hydriodic acid. The evolved gas passed into 
alcoholic silver nitrate will give a precipitate as in Zeisel’s method 
(p. 220), 

Esters possess a fruity smell and usually distil without 
decomposition. Boil with reflux for 5 minutes on the water-bath 
a few c.c. of the liquid with 3 to 4 volumes of a ten percent, solu- 
tion of caustic potash in methyl alcohol and pour into water. 
Notice if the liquid dissolves and has lost the odour of the ester. 
An ester will be completely hydrolysed, and if the alcohol is 
soluble in water a clear solution will be obtained. If the alco- 
hol is volatile and the solution neutralised with sulphuric acid 
and evaporated on the water-bath, the alkali salt of the organic 
acid mixed with potassium sulphate will be left and the acid 
may be’ investigated as described under § 1 . If it is required to 
ascertain the nature of the alcohol in the ester, hydrolysis must 
effected with a strong aqueous solution of caustic potash 
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( r KOH,3 M.jO). Then distil the litiuid, a thernioincter. 

Tlie alcoliol, if volatile, will pass into tlie receiver, whilsl the 
acid remains as the potassium salt in the vessel. 'I'he hoilinu 
point will <»ive some indication of the former. 'Fhe distillate 
should be fractionated and dehydrated with solid potjissium 
carbonate. Its boiling-point and that of the benzoic ester is 
then determined. 

Glycerides , — If the substance is a liquid fat or oil (/./’. non- 
volatile, which decomposes on heatinj^, lurnini; l)rown and 
evolvinj^- the smell of acrolein) then the hydrolysis is effected 
with methyl-alcoholic ]K)tash as described. After hydroI)'sis, the 
alcohol is driven off on the water-bath, the residue dissolved in 
water, and the organic acid set free witli hydrochlorii* acid, 'flu? 
acid if solid is filtered, if liquid extracted with ether, orifsolubh^ 
and volatile (butyric acid) distilled and the remainin;4 litjtiid 
neutralised and evaporated to dryness. 'Fhe j^lycerol is then 
extracted with alcohol and the alcoliolic solution eva])orated on 
the water-lxith. 'Fhe tests for tflycerol may then be applied 
(p. io 6 ). The following' is a lal>le of common insolubh' li({uids 
with their boiling-points and specific gravitiex Where the 
temiKu-ature is not indicated the specific gravity has ]>een deter- 
mined at o". 


Organic Liquids, Insoluulk in Waikr. 
(Containing C and II or C, II, and t ).) 


Jlyth’Oi a>‘ho)is~ 

/- ,, 

//-I Icxaiu- 
Italic 
;('-Oi:lauc 


1 


Present in Peti-df, P«Mi 
eiiiii, Klhcr, and Lii^roin 


a 


Petroleum (lamp oil) . 

/-Amylene 

Uenzei’.e (p. 136) . , . 
'lV)luene (j). 163) . . . 

I'Uliyi benzene (p. 141) 
(^'Xylene 


/' „ ^ 

Cumene (Isn])ropyl benzene) . 

Pseuclocumene : , 

Mesitylene 


})( lint. 


) •4 

131) 3(^1) 


Sp. 


■fi( II I 

' 7 '‘ 

•71 

"i'll I i 

•(>Su 

•ss. . 

'AUp 

•R8I.. 

•8tu 


Anifi 

Rnv^ 
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(')R(;anic Li(,)uids, Insoluble in Water {continued). 


H yd rocnrhons (conthnicd) — 
C'yiueni; 

'rurpeiuinc oil (Pineuo) . 



1 A'luon oil (Liuiuuene) . . . . 
Ah oh oh— 

/■Amyl (i). 6g) 

fL:iyl 

I -iimlol 

La./yl (p. xgs) 

A tdchydi's — 

Parulddiydc (p. 67) . . . 

Citrul 

licuziilclehydc (p. 196) . . . 

Cuminuldehydo 

Anisuldcliyilu 

( 'imuunic uldcltyde .... 
Salicykddcliydc (p. xSS), . 

Kctonca — 

IMothyl nunyl kelom: . . . 
Acetoplmnonu <i). -jio) (m.p. 
Ciirvonc 

Acids - 

/•Valeric 

Caproic 

.•1 nitydridcs — 

Acetic (p. 76) 

Phenols — 

Phenol (p. 179) (m-i). 43") 
(/-Cre.sol (iii.p. 31“) 

/;/- ,, 

/,- „ (p. 164). . . . . 

(fVi.auicol (m.]). 30 ) . 

CavN'acrol 

hiugenol 

Isocugenol 

Ethers and Phenol Etkcn — 
l^ithyl ether (p. 59) . . . ■ 

Amyl ,, ' 

Methylal 

Acetal 

Anisole (p. 181) 

Phenetole 

Anethole 

Safrole 

Esters — 

Methyl formate 

I A .. acetate .... 
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Organic Liquids, Insoluble in Water { continued ). 



Boiling- 

point. 

bp- gr 

/. 

AA ;'v (con t in uef 1 ) — 

Melhj'l propionate 

79 

o '937 


,, butyrate 

1 02 

o'8g6 


,, /-valerate 

117 

o’S7g 

eo 

,, succinate 


I ■ r 2 b 

I ^ 

,, tartrate 

2 So 

1 '340 

— 

, , benzoate 

199 

I '080 

20 

, , salicylate 

224 

T 'iS'! 


Ethyl formate 

54 

o'goo 

20 

,, acetate (p- 8i) I 

77 

o'goo 

21 ) 

,, acetoacetate (p. S3) 

iSi 

— 

— 

,, propionate 

99 

I ‘029 

20 

,, butyrate 

120 

0*896 


,, /-valerate 


o*88q 

20 

,, oxalate 

1 8(5 

0*866 


,, malonate (p. 06) 

198 

i ’08a 

'•0 

succinate 

21 5 

I *076 

“ 

,, tartrate (p. 115) 

decomp. 

1*072 


,, benzoate (p. 200) 

2^3 

T *047 

20 

,, salicylate 

227 

I *184 

— 

Propyl formate 

Si 

0*918 

— • 

,, ,, 

71 

0*882 


„ acetJUe 

! loi 

0*885 

: 20 

,, propionate 

„ butyrate 

1 43 

0*901 

0*893 

I 

,, benzoate 

yz-P»utyI formate 

229 

1*031 

— 

107 

o*gio 


» ,, . . . 

98 

0*900 

— 

H- ,, acetate 

125 

0*866 

^ — 

/- ,, propionate 

t 3<5 

0*887 

— 

,, iDutyrate 

157 

0*887 

— 

,, /-valerate 

169 

0*873 

— 

/-Amyl formate 

123 

o*88o 

1 20 

, , acetate 

139 

0*856 

20 

,, propionate 

160 

0*887 

! — 

,, butyrate 

17S 

0*882 

— 

,, /-valerate 

190 

0*870 

— 

,, benzoate 

26 c 

I *004 

— 

, , salicylate 

270 

— 

— 

Glyceryl triacetate 

253 

i‘i 55 

— 

, , trioleate 

Phenyl acetate 

decomp. 

0*91 

— 

i 195 

I ‘093 


Benzyl acetate 

206 

I *057 

16 

,, benzoate (m.p. 20°) 

323 

1*114 

— 

Solids. — It may be a hydrocarbon (e.g 

paraffin wax, 


naphthalene) higher alcohol [eg.^ cetyl alcohol) ; aldehyde {e.g..^ 
;z^-hydroxybenzaldehyde) ketone and quinone benzo- 

phenone, camphor) acid (higher fatty, eg,., palmitic acid or 
aromatic acid) ester (of glycerol, phenols or aromatic alcohols) 
phenol (eg., thymol), 

The process of investigation is similar to that described in thC 
preceding section. ^ 


APPENDIX 


337 


Adds , — A free acid may be at once identified by its solubility 
in a solution of sodium carbonate and by being reprecipitated 
by concentrated hydrochloric acid. If a metal has been dis- 
covered in the preliminary examination, a careful examination 
must be made for an organic acid. As the substance is insoluble 
in water the metal will probably not be an alkali metal. Boil 
the substance with sodium carbonate solution. The sodium 
salt of the acid passes into solution and the metallic carbonate 
is precipitated. Filter ; boil the filtrate with a slight excess of 
nitric acid, add excess of ammonia and boil until neutral, tests 
may then be applied in order to identify one of the common 
acids and the m.p. determined ; but beyond this it is impossible 
to carry the investigation in a limited time. 


Insoluble Solids. 


(Containing C and li, or C, H, and O.) 



Melting- 

point. 

1 1 ydr oca rbons — 


Paraffin wax 

45—60 

Naphthalene (p. 216) . . 

80 

Anthracene (p. 225) . . 

217 

Phenanthrene 

99 

Stilbene 

125 

A Icohols — 


Cetyl Alcohol 

50 

Menthol 

42 

Aldehydes — 


Vanillin 

3i 

Piperonal 

J7 

^ Ketones — 


Beuicophenone 

48 

Benzil^ (p. 202) 

95 

: Benzoin (p, 203) . . . 

137 

Camphor 

175 

Quinones — 


Benzoquinone (p. 192) . 

1 16 

o-Naphthaquinone . . . 

125 

i3- „ ... 

115 — 120 
clecomp. 

Anthraquinone (p. 225) . 

285 

Phenanthraquinone . . 

205 

A cids — 


Palmitic (p. 104) .... 

62 

Stearic 

69 

1 Benzoic (p. 199) _ ■ . - • 

122 

' ^7-Hydroxybenzoic (p. igo) 

155 

S in- ., (p. 201) 

200 

i w 

210 



Melting- 

point. 

Acids — (conthmed) 


Anisic : 

1S4 

^7-Toluic ; 

102 

in- ,, 

1 10 

» (P- ^70) • • • • 

179 

Phenyl acetic 

76 

<?-Phthalic (p. 217) . . . 

2J3 

vt- „ (isophthalic . ' 

•SLlbl. 

,, (terephthalic) | 
(P- I 71) 


A nhydrides — 


Benzoic 

42 

Phthalic (p. 21S) . . . . 

12S 

Phenols — 


<7-Cresol 

31 

„ (p. 164) .... 

36 

Thymol 

44 

a-Naphthol 

95 

» (P- 219) . . 

122 

Esters — 


Methyl oxalate (p. loi) . 
Cetyl palmitate (Sper- 

54 

maceti) 

Myricyl palmitate (Bees 

53 

wax) 

j Glyceryl ^ ^ 'tripalmitate 

, 62— 65 

! (Palmitin) (p. 104) . 

Glyceryl tristearate 

62 

i (Stearin) 

71 

I Phenyl benzoate .... 

I 69 

1 ,, salicylate . . . 

Benzyl benzoate .... 

1 ^5 


,, salicylate .... 



COHEN’S ADV. P. O. C. Z 

■0 


PRACTICAL ORGANIC CHEMISTRY 


33 ^ 


2. Contains Nitrogen. 

Orgmiic base , — If it is a base or aiin}u\ aniino-piicnol or 
amino-acid, it will probably dissolve in dilute hydrochloric acid 
and yield a chloroplatinate with platinic chloride. Some 
aromatic bases like diphenylamine are not very soluble in dilute 
acids. Amino-phenols and acids may be extracted with etiicr 
from an acid solution to which ammonia has been <a(lcied till 
faintly acid and then sodium acetate. Many amines and 
amino-phenols give C|uinones on oxidation witli poiassiuin 
bichromate and sulphuric acid having' a characteristic smell 
(p. 192). Many of the common alkaloicis when dissolved in 
hydrochloric acid (avoid excess) give a brown ainorplujus 
precipitate with iodine solution and respond to other general 
reactions for the alkaloids (see p. 320). 'I'o identify the 
individual alkaloid, special tests must be api)licd. 

Pr unary ^ seeo/tdary, and ferfiary amines may be distinguislied 
as follows : To a solution of the base in dilute hydrochloric acid 
add a few drops of sodium nitrite solution. In the c.ase of 
primary aliphatic amines, a rapid c\’oIution of nitrogen will at 
once occur; a primary aromatic amim^ at lirst gives a clear 
solution of the diazonium-salt, which evolves nitrogen and turns 
darker on warming. The effervescence, due to the liberation of 
nitrous fumes, is easily distinguished from that of nitrogen, 
which goes on uninterruptedly, even wlien the liquid is removed 
from the flame. 

After the solution of the diazonium salt has been dc(:c)m|)osed 
by warming, the phenol which has beci\ produced may l)c 
extracted with ether, the ether evaporated, and the })hcnol 
identified by special tests. A solution of the diazonium salt, 
when poured into a solution of ( 3 -naphthol in c.'iiistic socLa, will 
usually give a red azo-colour. The original amine, if lic(iiid, may 
sometimes be identified by warming with a littlci acetyl chloride; 
and converting it into the solid, acetyl derivative, whicji is 
recrystallised and the melting-point determined (see Rca,ction 3, 
p. 76). 

In the case of a secondary base, the above treatment with 
hydrochloric acid and sodium nitrite will give an insoluble 
nitrosamine (liquid or solid), which is frequently yellow. It may 
be separated by ether and, after removing the ether, tested liiy 
Liebermann’s nitroso-reaction (see Reaction 3, p. 159). Nili<’ 5 us 
.acid has no action on tertiary aliphatic amines, but forms nitroso- 


1 
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bases with tertiary aromatic amines (see p. 157), which dissolve 
in water in presence of hydrochloric acid, with which they form 
soluble hydrochlorides. Tertiary amines also coml^ine with 
methyl iodide on warming (see Reaction, p. 157), but not with 
acetyl chloride. Primary amines give the carbamine reaction 
(p. 150), and unite with carbon bisulphide (p. 159). 

Oximes, — It should be remembered that oximes act as bases 
as well as acids, and dissolve in both caustic alkalis and acids. 
On reduction in acid solution (with tin or zinc) they yield 
amines. 

Cyanides and Amides are hydrolysed iDy caustic potash 
(aqueous or, better, alcoholic), cone, hydrochloric or sulphuric 
acid as mentioned previously under § I, 2. It should be mentioned 
that some amides are attacked only with difficulty, and must then 
be treated as described under § I, 2. 

Nitro-compounds are freciuently yellow or orange in 
colour. Heated with stannous chloride in cone. HCl or zinc 
dust and glacial acetic acid they dissolve and remain in solution 
on the addition of water. The base which is thus formed maybe 
separated by adding an excess of caustic soda^until the metallic 
oxide dissolves and then shaking out with ether. When the 
ether is removed, the base remains. If liquid, the base should 
be converted into the acetyl derivative by warming with acetyl 
chloride for a few minutes and pouring into water. The free 
base or solid acetyl derivative, as the case may be, should be 
recrystallised and the melting-point determined. It can also be 
diazotised and coupled with ^-naphthol. 

Alkyl Nitrates are hydrolysed like other esters, and yield 
alcohol and nitric acid (p. 82). 

Nitro-phcnols and Nifro-acids dissolve in caustic alkalis 
as a rule with a deep yellow or orange colour. On re- 
duction with stannous chloride or zinc dust, as described 
above, they yield the amino-derivatives. In the case of the 
amino-phenol, the solution is made alkaline with caustic soda, 
saturated with CO^, salt added and extracted with ether. In 
the case of the amino-acid, the method used is that described 
under Prep. 91 (p. 201). 

Azo- and Azoxy-compounds. Both classes of compounds 
r>re usually highly coloured and are rapidly decolorised by 
winning with a solution of stannous chloride and hydrochloric 
acid, forming ainino-cotnpounds (see Reactions, pp. 173 > i 77 )- 

® z 2 


I’kACTK'Ai. ()R<;am(: ciikmistrn 


1 N so 1 . U li L 10 S U H S r A iN C ‘ lOS . 
((.\)nlaininijj (', H, and N i)r C', II, O, and N.) 

Melting- Roilini;- iMcl 

point. ! point.*: j po 


/uisi:s (priiiuiry) 
Aniline (p. 140) • 
n-Nitfanilinc . . 

,, (l>- i;i 

/■ _ (l>- >5 

r'-( !hlni';uiiliiu.* . . 


A (!'• 

(>-'rulnnlnu; . 


t-_.;-4-XyH(liuo . . . ■ 

( •■.'-4-f-*t. 'ntuidine . | 
/■I lyihi>,\jMnilinc(/"j 
ainiiiophenol) . I 

AnisidiiK* i 

Plu-nflidiiu* | 

ft-Niii)lilhylainin<; . j 
A . M , • i 

lirn/idinn (ji. 14I*) . ; 
n-'rolidiiHi . . . 
n-I’hoiiylcundiaininc 

///- ,1 

(p. ; • 

/j-l'liciiyUnicdianiiiK: 

(I). 17 . d . - • . ; 

/>■ I )im(nliylpln'nyl- 
ciicdiainiiie <|>, 
177) . . . , . . . 
l’hi‘iiylhy<lia/uic (p. 

‘ 7 :i.) 

/ut.uw (‘vncoiidary) ■ 
Mdliylanilinc . . . 

10lli>'lanilini: .... 
llfn/ylaiiiliiM; . . . i 
1 Jipluaiylainiin: . .] 

iMcthvl<lip!n-‘iiyl* j 
ainiiK* . ... 

l*h<:n>l /'{-n.ipiiitlijd- 

aminc 

Piperidine .... 
('oninc 

AVr.v/’.v (tci’llary) 

I )iin(‘tliylaniliiu* (p. 

. . . . 

1 )ielliylaniliui‘ _ . 

1 >iiucthyl a-t< tluldinc 

,, . A 

a-Pinolinc 

(^)ninolin<‘ (p. a.;") . 
Aiuip^ fine .... 
'I'lic aik.doid"-. . . . 


A tuifio/>/tt'uol.s — 
/-Auun()i>la:ni)l (p.; 

I I. to) 

I a-Mclliylainino- 

i phenol (Metiil) . , 

!' /"Methylainino- 

pheiiol ( ( )rlnl ) . 

.!-.{-niainini)plienul ' 
(.\inidtil) . . . . dc 

\ CyaJi/iyt/rins and ! 
(Kv/uf,‘.s 

; P*en/.il(lehyde i \'an- 
! hydrin (p. -zi >(») . ; 

I: Ai-et()\iinc (p. 71) | 

/ a-l>en/a!du.\iim; (p., 

ii 197) 

;j / 3 -I»en/.ald().\inu: (p.j 

I 197) ..... 

I .\i:et()phenone(),vune 
i (p. an) . - . . 

I I jvf ///Vr’.v anil 

.Iw/e/t'S 

.Su<:i;inainiiU*_ . . . 

Phenyl cyanide . . ' 

/>-'l’i)lyl cyanide (p. 

a«>) 

( ).\ainide ( p. jo.r) . d 
P.en/annde (p. ■■ixd 
1 lydroheii/aniide (p. > 

iif(i) . ^ I 

Salicylaiuidi' . , . ' 

; h'ormanilide .... 

I Acetanilide (p. ifp) 

! Meiliylac<!tanilide j 
j Propionanilide . . ! 

Ihriizanllide , . . . | 

j ( )\anilidc • 

I <»"Aceti)lolnide . . 

i /- , , ... 

I I )iphcnylurea ^ . 

'rnphcnyl uaunidine 
(p. Ttx») .... 
a-.Acetnaphthalldc . 

Auriiio-tnith 

Hippo ric acid . . . 
Unc aci<l ..... d 
.\nthranilic acid . . 

i 

Nitro-coiiipoHiuia * 
Nitrol)en/e;ne(p.i4.') 
/;/"l')inilruhcn<<cne 
(P- iS-O i 
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Insoluble Substances { continued ). 



Melting- 

point. 

Boiling- 

point. 


Melting-' 
point. 1 

Boiling-; 
point, i 

Nitro-compounds (con- 



Nitroso-covtpounds — 


1 

tinned). 



/-Nitrosodimethyl- 



Trinitrobenzene . . 

122 

— 

aniline (p. 157) . 

85 


f7-Nitrotoluene . . 



223 

/-Nitrosodiethyl- 



w- ,, . • 



230 

aniline 

84 

— 1 


54 

23S 

Nitroso-^-naphthol 

TCiO 

■■ i 

t -2-4-Dlnitrotoluene 

71 





a-NItronaphthalene , 6r 

— 




(g-Nitracetanilide . 

7S 

— 




/' „ (P« T53) 

207 

— 

Alkyl Nitrites and 






' Nitrates— 



Nityo-phenols, Aide- 



Ethyl nitrite . . . 

- 


livdes and Adds — 



,, nitrate . . . 

... 

Sd 

1 <7-Nitrophenol(p. 1S3) 45 

_ 

Amyl nitrite (p. 69) 



95 


q6 

— 

,, nitrate ... 

— ; 

*47 

00 

— 




TrInItvophenol (p. 






Nitroanisolc . . . 



! Azo-tir\d Azp.vy'Com- 



^//-Nitrobenzalde- 



ponnds — 



hyde 

5S 

__ 

Azo.Kybenzene (p. 



< 7 -Nitroben 2 :oic acid 

T4S 

— 

T43) 


— 

;//- ,, 



1 Azobenzene (p. 145) 

6S 

— 

(p. 200) 

1 I4T 

— 

' Hydrazobenzene(p. 



;! 4 -Nitrobenzoic acid 23S 

— 

146) 

t 25 

— 

i-2-4-ninitrobenzoic 



Diazoaminobenzene 



acid 

! 179 

— 

(P- 17O, 

98 


r-3-5-Dinitrobenzoic 

1 


Aminoazobenzene 



acid 

! 205 

1 


1 (P- 172) 

T27 

~~ 


3. Contains Halogen. — Halogen compounds may be alkyl ^ 
a/ky/ene, aryl or aaul ka//cf 6 \s' ov /m/oorn amis ethyl loromicle, 

ethylene bromide, bromobenzene, benzoyl chloride, or chloro- 
benzoic acid). 

Alkyl,, Alkylenc and Aryl Halides are usually liquids or 
solids specifically heavier than water and with a sweet penetrating- 
smell, or if aromatic compounds substituted in the side-chain, 
they have a sharp penetrating smell and attack the eyes. They 
are for the most part colourless, but the bromine and iodine 
compounds usually acquire a brown colour on standing. Iodo- 
form is naturally yellow. In the case of alkyl and alkylene 
halides and aromatic compounds substituted in the side-chain, 
alcoholic silver nitrate will, on warming, yield silver halide. 
Strong methyl-alcoholic potash will, with the same compounds, 
produce olefines and acetylenes (p. 64)- The experiment should 
be tried with the apparatus Fig. 86, and the gas collected 
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and tested. Aromatic compounds sii]>stituted in the nucleus 
are not, as a rule, acted on by tltcse reagents unless nitro-groups 
are also ])resent ; many of these react with m.ai^uesiiiin in 
presence of dry ether (]). 206). 


I N SOI.t : 1: 1 .K Si I nSTA Nf'KS. 

(( 'onlfiinliij:^ (', II and haloij^i'ns or (', 11 , O and hidoi^tMis. ) 


Mftliiiiv r->ilin-' 
imilll. ^ iKtlllJ. 


. I //•)'/, .*7 ami 

’ A?y/ //,t/i)frs 

M«m1is'I (p. 

f.H) ...... 

lOhyl liiiiuudc (p. ■ 

'il). : 

I'altyl iiiil'Kl'* .... 

31- l*iii]iyl i liloimU' . ; 
,, . ' 
,, ixdidc . . : 

A ,, rldoridc . 

,, lifotJiidc . 

,, i()ilid«‘ . . i 

.>;d‘.utyl chluridi- . . i 
,, Imittiidc . ! 
,, ii»did<* . . : 
/” ,, fhlHrldc . I 

,, iodidf . , I 
/•Auiyl t'ldniidc . . : 

,, liniiiiidf' . , ; 

,, iiididr . , . ' 

.■Mlyl lirutiild'i . . . 

,, iodid<' , ■ . 

\i<'lli\ l«-lir rhli.iidi* 

,, iiinmidf 
10 Iiy 1 <' 1 U' ridnl idc . 
iMliylldfiK* ,, _ , 

IOh\lciic inomidi- 
(p. 6 '.'). • - . • 

Mthylidcur hroiuidf 
C'ldoroj'm'm (p. 7 M) , 
nroiiiiifnt'tu .... 

Iodoform 

C'aihon tctvarldiu'idf 
rhloiidc (p. 

» 94 ) 

ll.m/al „ ^ . . 

Jlru/otrichNirldc 
(Jlilondieii/fiKT . . 
I{romobi:nzeii<*(p. apt) 
iodolHaizr'iu^ . . . 
)ichloroljcn/(*in' . ! 

A 


I 7 f> 

.4 

:'t : 


i7i> 

* 7 .; 


Andnn;- 

I pitiiii. 


A//.;/, .-///• r/r/a-. .uui : 
./riv \ 

(iiiniimjn!) : 

I'-I )ilinijin . i 
/<- 1 dliMiiUtihrll/fUf' . 
a ( ■IdttlitliilmMlr , . ' 

A !! O'- 

<t. 

,, . . ' 

/- .. (1»- ‘'OM 

a-i Idoittnaphl li.i- 



/]-( 'hlt'iimaplidia- ' 

l. nf : 

< 1 - f >i<>in<>)i.ip!it ii.t 

1‘ !|f . . . I 


'I j i( idi ti • tpla-m il 

'1 litijtiiU'iph' intl . . 

. It /»/ < 

,\< flS 1 « Idtii itir(p. ; p 
la-ii.'-tyJ ., Ip, t 

. 1 1 it/.s 

( lditMilM-m'<»i> . . 
w* ,, 

/ ,* (p. C«'‘) 

<> nit(mitltrii.>iin' , . 
w- |]t. ■■ ti ) 

A 

/•.’.vAv.v 

M<'lliy! chloroform 

ale 

Mclijyl i hhtracflale 
„ limiaai I't.ip* 

J'Uhyl cldorolurmaic 

,, I hit n at j'l.ii I' 

,, laomacct.uc 


i;..dt!r< 

pxitll. 


1 1 1 

‘ 1 : 


Ai'id Chlorides and llromides are also spccili< ally licavitn 
than water, but reveal their presence by funiini* in 
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;iir. 'I'lu'v lu’c dr coin posed by water more or less rapidly, 
and j^ive Xhv i orresixinding- acid and hydrochloric acid, which 
may l)r tested for. 'I'hey arc also acted on rapidly by strong 
ammonia, anti pive the. amide, the melting-point of which may 
be ascertained (p. 209). 

Ilaiotl't'fi Afiih and Ex/lts . — Most of the insoluble halogen 
acids belong to the aromatic series, and have a distinctive 
melting-point. Eor further confirmation, they may be converted 
into the acid chloride and amide. Insoluble esters containing 
halogens may lielong to l)oth scries, and the acid and alcohol 
must then l)e separated and separately investigated. 

4. 'Pile following among the more common organic substances 
contain sulphur or sulphur and nitrogen in addition to carbon, 
hydrog,en and oxygen. 


I Nsoi.nimF. SmisTANCKS. 


(t'nnlaiuing (\ II, and S (H* (\ II, O, S, and N.) 


Allvl iiliiluilf . . 
r.t-ii.Ai t> • • 
At it/‘, 

''‘ulpli'tlirii.Mif ai Id 
r uiiiii;uilli'‘ acitl ([i. 

i . . . _ . . 

\.t}ilaliluiii<’ ai'id . 
fi Naplahs l.tiuiii'' 
acid , 

/J Napjahyl-aidii'- 
di -uli'iiuiiic a* iti . 
R arid . . 


Mrtlivl '.ulphatr 
Kthyl 


MHiInj';- 

jinint. 

Uoilini'd 

pttiiu. 


Melting- 

point. 

Boiling- 

point. 

.j.j 1 

tti-fi mill. ' 

1-10 

7 7/ / oryn it a tt’s — 

AUyl ililoi yaiiatff . 
Pli.Miyl 

(jj. t6o) .... 

- 

151 

20? 



I'/iioamhies — 
'1‘hiucarbanude (p. 
iv8) . 

'riiittairbanilidt* (].). 

« .'lb) 

^ 7 5 

i _ 

i 

: '• 

1. 

1B7 

'.'fjS 

Su//>fioiinvi!ih’s~ 
llttiizitiicsuliihon* 
iimide (p. 179) 
I’lCiizrursidphunaiii- 
lidf (p. 179) . . 

150 

1 10 

1 

! 


Mixturea. A iircliiniiiiiry investigation carried out as 
dcsn ilicd on p. will determiac roughly if the substance is a 
iiiistnro, llcforo proceeding to identify the substances present, 
it is cssentitil that they should first be s(»i):u-ated. This may be 
a long and (lifficult operation, but the following methods may 
lead to the dcsireil result. ,, r o i 

If the rtilr tame cannot be satisfactorily separated byfractional 
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distillation (if a liquid) or by crystallisation (if a solid), shake 
with caustic soda solution. This will dissolve the acid or phenol, 
and the insoluble constituent may be removed mechanically or, 
if volatile, by distillation in steam, by extraction with ether or, if 
solid, by filtration. 

Acid and Phejiol^ if present together, may be separated by 
adding sodium bicarbonate in excess and extracting with ether, 
or by dissolving in caustic soda solution, saturating with carbon 
dioxide and then extracting with ether. The ether extracts the 
phenol, which is insoluble in sodium carbonate, leaving the acid. 

Ester and Hyuh'oca^'bon may be separated by hydrolysis, which 
decomposes the ester, but not the hydrocarbon. 

Pa7'affi7'i and A7‘077iatic Hyd7'oca7'bon may be separated by the 
action of fuming sulphuric acid, which forms the sulphonic acid 
with the aromatic hydrocarbon. The product is poured into 
water. The sulphonic acid dissolves readily in water, whereas 
the paraffin is insoluble. 

A 771 we or Ease may be separated from the majority of 
insoluble organic substances by shaking it with dilute hydro- 
chloric acid, with which it forms the soluble hydrochloride. 

Aldehyde or Keto97e may be separated from the other 
constituents by shaking the liquid, which should be free from 
water, with a saturated solution of sodium bisulphite, and de- 
canting or filtering the liquid residue. If the liquid is soluble 
in water, like ethyl alcohol, it may precipitate the bisulphite of 
sodium. This is prevented by adding a little ether before 
introducing the bisulphite into the liquid. 

In separating two liquids in a test-tube, for example, an 
ethereal from an aqueous solution, either the ether may be 
decanted or it may be desirable to withdraw the lower aqueous 
layer. This is done by sucking the liquid into a small pipette 
furnished with a mouth-piece of rubber tubing, which may be 
when the requisite quantity is removed. The pipette is 
then withdrawn, keeping the rubber tube tightly closed, and the 
liquid transferred to another test-tube. It is often advisable to 
adopt this method previous to decanting the top layer, which 
is much more effectiv^y separated from a small than from a 
.large quantity of the aqueous layer. 
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I.— Table of the Atomic Weights of the Elements. 


O = i6. 


Element. 

' Symbol. | 

Atomic 1 
Weight, i 

lilement. 

Symbol. 

1 

Atomic 

Weight. 

Aluuiiaiuin 

A,. I 

27*1 i 

Neon 

Ne, 1 

20 

Antimony . . 

Sb. 

120*2 1 

Nickel 

Ni, ■ 

5 S *7 

Argon .... 

Ar. 

39*9 ' 

Niobium .... 

Nb. 

94 

Arsenic . . . 

. ' As. 

75 

Nitrogen .... 

N. 

14*01 ' 

Barium . . . 

Ba. 

137*4 

Osmium 

Os. 

191 

Beryllium . . 

Be. 

9*1 i 

Oxygen 

0. 

16 

Bismuth . . . 

Bi. 

208 

Palladium .... 

Pd. 

io6'5 

Boron .... 

B. 

II 

Phosphorus . . . 

P. 

31 

Bromine . . . 

. ! Br. 

79*96 

Platinum 

Pt. 

194*8 

Cadmium . . 

. Cd. 

112*4 

Potas.sium .... 

K. 

39 ’Jt 5 

Caesium . . . 

Cs. 

133 

Radium 

Ra. 

225 

Calcium . . , 

. Ca. 

40*1 

Rhodium . • . . . 

Rh. 

103 

Carbon . . . 

C. 

12 

Rubidium .... 

Rb. 

85-5 

Cerium . . . 

Ce. 

140*25 

Ruthenium .... 

Rii. 

lOI *7 

Chlorine . . , 

Cl. 

35*45 ■ 

Scandium .... 

Sc. 

44*1 

Chromium , . 

Cr. 

52*1 ' 

Selenium .... 

Se. 

79*2 

Cobalt .... 

Co- i 

59 

Silicon 

Si. 

28*4 

Copper .... 

. Cu. ' 

63*6 ij 

Silver . . . . • . 

Ag. 

107*93 

Fluorine . , . 

. ' F. 

^9 . 1 

Sodium 

Na. 

23*05 

tiallium . . . 

(i. 

70 1 

Strontium .... 

sV. 

87*6 

('lerm.nnium. 

(ie. 

72 '5 

Sulphur 

s. i 

32 *06 

Cold .... 

. ' All. 

197*.? 

Tantalum .... 

'i’a. 

181 

Helium . . . 

He. 

: 4*0 ' 

'relluriiim .... 

le. 

127*6 

Hydrogen . . 

. : H. 

1 'ooS 

'rhalliuin 

'I'l. 

204*1 

Indium . . . 

in. 

115 

! 'riioriuin 

'I'h. 

232*5 

iodine .... 

1. 

126*07 

Till 

Sii. 

no 

iridium . . . 

Ir. 

[ 193 

j 'ritanlum ..... 

'I'i. 

48-1 

iron 

. i Fe. 1 

1 55 '9 

Tungsten .... 

w. 

184 

l.anthauum 

. ! T.a. 

138*9 

Uranium . . . . 

u. 

238*5 

l.ead .... 

. ! Pb. 

206*9 

1 Vanadium .... 

V. 

51*2 

Ivrypton . . . 

' Kr. 1 

8r8 

j Xenon 

X. 

1 28 

l.ithium . . . 

Li. 

7*03 

i V'tterbiuni . . . . 

Vb. 

173 

Magnesium . 

, . i Mg. 

24*36 

i Yttrium 

V. 

89 

Manganese . . 

, . ' Mn. 

55 1 

Zinc 

Zn. 

65 ’4 

Mercury . . . 

. . i Hg. 

200 ■ 

Zirconium . , . . 

Zr. 

90*6 

1 Molybdenum . 

. . 1 Mo. 

96 1 
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Vaiviur Tr:N«;inN or CAUf=;Tic Potash Solutions from to®— 20”. 


, i 

;^oKOIl. 

40KOH. 

49KOH. 



jooHoO. 

lOoHoO. 

,0-0 

7‘V 

6''^o 

c ;'62 


7 * 5 ^' 

6-72 

5 ‘Si 

U *« > 

7 

6-95 

6*01. 

J 1-7 

8*19 

7-28 

6-29 

I V ‘ 1 


7'47 

6*46 


8*<') 5 

ybi 

6'6t 

I {’( > 

8 '92 

7 * 9-5 

6-S6 

« rs 

9 ''.>2 

S’ly 

7-09 

‘J’oS 

y 4 ‘:» 

S '44 

7*30 

M'S 

9'^:> 

8 '74 

7*56 

1 ’ll* 

JO '25 

9'ii 

7-88 


JU' 5 f, 

9 '20 

7-96 

i(.r.) 

It 

9-62 

8*33 

If)' 

n‘07 

9 *S 5 

8*53 

1 7 '<j 

II * ‘54 

10*20 

S-S8 

r/’-, 

1 I 'y I 

io ’59 

i 9*17 

1 Ji'u 

12 '■.'9 

i '-'‘93 

1 9*47 

1 M ' 

12'69 

ri -29 

1 9*78 

Itl'o 

r;‘< ly 

1 1 '65 

10 '09 

O)'.} 

':r 4 ' 

r 1 ■98 

io '33 

'.•Ill* 

i.ro.’, 

12 '40 

1 ^<^*75 

'.‘1 1 

1 4 ’ 1 S 

12 'r,l) 

i lo'yi 
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II,— Table of Specific Gravity and Percentage op Sulphuric Acid 
IN Aqueous Solution. (Kolbe.) 

S'/. .C7'. af T 5 ° com pared with nvaier /t/ o" = t. 


)egrees 

eaurnei. 

Sp. gr. 
d = 1 5/0. 

100 parts by 
weight contain 
H0SO4. 

i Degrees 
I’eauinc. 

SI** 

d = T 5 / o . 

TOO parts liy 
weight contai 
'H.JSO4. 

I 

I *007 

1*9 

34 

T ‘50S 

40*2 

2 

i '014 

2*8 

35 

i’32o- 

41*6 

3 

I 022 

3*3 

36 

I *552 

4 3 

4 

I ‘029 

4*8 

1 37 

^‘345 

44*4 

5 

1*037 

5 *a 

■ 3 ^ 

T ‘357 

45*6 

6 

1*045 

6*8 

; 39 

1*370 

46*9 

7 

1 *052 

7*3 

' 4<3 

1*383 

4^*3 

S 

r '060 

8*3 

! 4 T 

I *397 

49*2 

9 

T *067 

9*8 

1 42 

1 *4 10 

51*2 

lO 

I *075 

10*8 

i 

1*424 

52*6 

It 

1 *083 

11*9 

1 

I * 43 ^ 

54*0 

12 

1*091 

13 

45 

^*453 

55*4 

L''> 

1*100 

14*1 

! 46 

1*468 

56*9 

14 

I * 1 08 

15*2 

• 47 

1*483 , 

52*3 

15 

1*1 16 

16*2 

48 

i*4qS 

59*6 

i6 

1*125 

17*3 

49 

^* 5«4 

61 

17 

1*134 

f 8*5 

50 

T *530 

62*5 

xS 

1*142 

19*6 

5 x 

1 *540 

64 

19 

1*152 

20*8 

52 

3 *563 

65*5 

20 

1 *1.62 

22*1 

53 

1*580 

67 

2 1 

1*171 

23*3 

54 

1*597 

68*6 

22 

1*180 

24*5 

55 

1*615 

70 


1*190 

25*8 

59 

1*^34 

7 1*6 

24 

I *200 

27*1 

57 

I *652 

73*2 

i’S 

1*210 

1 28*4 

5S 

1*671 

74*7 

26 

1 *220 

29*6 

59 

1*691 

76*4 

27 

1*231 

30*9 

60 

1*71 1 

78*1 

gS 

1*241 

32*2 

6 1 

1 *732 

79*9 

29 

I *232 

33*4 

62 

J *753 

81*7 

3^1 

i 1 ’263 

34*7 

63 

1*774 

84*1 

31 

1*274 

36 

64 

1*796 

36*5 

32 

i-'^Ss 

37*4 

65 

i*8t 

89*7 

33 

1*297 

38 S 

1 

66 

1*842 

TOO 


:> 
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II. — TaHLI': ok Sl’kCtKIC (jKAVITY and PeKC1£NTAGE ok H2SO4 IN 
Concp:ntka ! el) Sulimiukic Acid. (Lunge and Naef.) 

.S/. ai 15 ' compared ivitk water at 4 ' = i. 


Vt ( rill. 

Sj.. .gr. 1 

Per cent. 

Sp, gr. 

H-jSOi. 

'^'-i.s/4- 1 

H..SO4. 

^^==15/4 

.JO 

1 ‘.Mrls 

90 

J "8406 


1 

1 97 

rS^ro ; 


I 'R-cj.i 

i 98 

i' 84 I 2 i 

(J ; j 

I'S.K?'} 

1 99 

1-8403 

'»! 1 

1 

1 loo 

J '8384 

1 


j 



1 V.— 'rAin.E (iK .Sl-ECIKIC CiKAVlTY AND PEUCri, NTACiE OK NiTKIC AciD 
IN A<,>tncous .Solution. (Kolbe.) 

Sp. at is" compared with water at o' = t. 


■M- .0 

'A 

i9l 

P 

c • 

W) <n 

d « 

V 

W; . 

§0 

b/j"'0 

d*- 

ifj rt 

Oh 

trim 

Percentage 

HXO:;. 


100 

«‘4r.i 

77-6 

'■/'4 

58 

1 -237 

37*95 ' 

1 ' i '<1 

99-4 

*'443 

79 

' ‘.i.sS 

57 

.1 - ^25 



97-9 

r44'.* 

73 

> ■444 

56* I 

i“2i8 

35 

l' tld 

<j9 

1 -4 ;o 

74 1 

|■44>' 

55 

re I r 

44*3 

I’ .14 

9 / .! 

>■4,4:5 

7.-1 

' ’44 > 

54 

1-198 

32 

t - ,1 iij 

94 

! -43-.; 

7'.! -4 

' ’449 

54’5^ 

1 - 1 02 

41 

1 • <<i 

9 5 

>’4-9 

7 r 

1 *445 

54 

1-185 

4‘^ 

1 ’ ,1 < ; 

9' 

1 '-y'o 

(19-9 

'■44> 

5--i*4 

1-179 

29 

1 '499 

91 

1-419 

(59 -e 

I *3-i4 

5> 

1-172 

28 

'■498 

<)" 

1 -4 1 4 

98 

>■4' 7 

49*9 

1 -166 

27 j 

1 ‘494 

89 ‘,1 

1-41U 

(>7 

i*3ii; 

49 

1-157 

•*•'5*7 ( 

i'4KH 

88 

1-404 

66 

(■404 

4S 

1-138 

'*i4 

1 *4yf> 

87 -4 

1 "4<HI 

(.4 

I -lioS 

47-r 

1-120 

20 

1*48 > 

89-1 

|■59■5 

(•.4 

1 -',N)5 

4(5-9 

1-105 

17*4 

1-478 

:’,4 

>‘-.9,5 

fi 5-9 

1 -•.•84 

45 

i-o8q 

> 5 

1-474 

;;■> 

I - ;89 

(1/ 

I ••.74 

44*5 

1-077 

■>4 

*’47" 


1 - ;8 1 

() 1 -'.1 

t-. 4',4 

4e 

T -067 

11-4 

1-497 


>‘.!74 

(ki 

f*'.!57 

4' 

1*94 5 

7-2 

1-495 

.'9 

i' 57-- 

r>9‘9 

i-esr 

40 

I -022 

4 

1-49.. 

1*4^9 

79 

1-3(18 

! 

48-8 

j-^44 

49 

1 -010 
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V. — Tabli;: of Si’EciFic Gravity and Pkrcentaok of Hydrociii.oric Acii 

IN y\<^UliOUS SoLDTloN. 



rti 


0 


i* i 


bti 


! bfl 


bO 


rt 


pj 


rt 1 



fc/J ID 

Sjj 

: W '.0 

S 3 

d 

•A rt 


du. 
y : a 


; d w 

j crj d 



fij 


Oh 

i 

d 

1 •u.)7 

x-S 

I ‘055 

n *0 

1*116 

Art ! 

t ‘lUo 

•j'u 

I ' u 6 o 

12 

1*123 

24*8 i 

I Ut.f 

1 '-J'Q 

1-067 

13*4 

1*134 j 

26*6 : 

I oh; 

' 3 '3 

X *X 75 1 

*5 

x*x 43 

' -’ 3*4 ! 

I ii.-..? 

4 ‘5 

1-083 i 

if) *3 

1 * 1 50 j 

'-’O' 7 i 

r 

5 '« 

1*091 ' 

i.S*i 

; ''« 5-5 ! 

30*2 1 

1 'i >3 r 

6-j 

I *094 ! 

18.6 j 

; 1 ■ 1 59 

3 t ‘5 1 

I 'o^i i ! 

77 

I’lOO i 

19*9 

■ 1*1(11 

3 “ ! 

1-04 4 

3 '9 

1*105 : 

20*9 1 

j 1*166 

33 1 

T 052 

10 '4 

1*108 1 


1 1*171 

33*9 1 


Sfj“,n 

dll 

C/J d 


1''75 
I ■ I Ku 
'IHS 
‘KJO 

■ ' 94 

I o 


0 ) 

d 


I 347 
357 
36-8 

3 7 '9 
3 8 ' (S 
39 ‘3 

497, 

41 -.: 

4'J-4 

43 


VI. — Table of Si’ecific Gravmty and I’I'Ircen taoi!: of Caustic I’otasii in 
Aqueous Soi.u iton. 



•l> 

1 

1 V i 


•u 



. 

|"k : 

1 

i 

! fS 3-3 ' 

im J * 

rt K 


SPhr; 

Wl 'O 

= 0 

1 b/j in 

1 

b/j in 

SO 

bij >0 

cO 


u ^ 

d« 


d.^ 

Hu 

dt! 

Hu 

rrj 

^ 0 

f/l d 

; u 'is 

1 d ® 

crj d 

d * 

c /2 

Oj 

fd 0 

1 *( )( H) 

r 

i *166 

I" 

1 *9 ; 


37 

1 * 5 (p 

54 

1 * 0 1 7 


1*177 

; 20 1 

t* 3‘-'7 

38 

I *604 

55 

I *025 

3 ! 

t*i 88 

i 

1 1*400 

-59 

1*6 tS 

56 

x *<'33 

4 1 

t *198 


1 1*412 

40 

T *630 

57 

1*041 

3 1 

1 *'.’09 

' -*3 

; '’ 4 -t 5 

41 

I *642 

58 

1*040 

6 

i *220 

i 

1 ' 43 S 

42 

t *655 

59 - 

1 ■( >38 

7 

1 *230 

i 25 

1*450 

43 ; 

1 *667 

60 

I -o (.)5 

8 

1*241 

; 26 ; 

1 * 4(12 

44 ; 

1 *68 1 

61 

1 *074 

9 

1 *252 

27 

x *475 

45 1 

I *695 

62 

I ‘oiri 

10 

I *264 

28 

1 *488 

46 i 

1*705 

f >3 

I *o (;2 

1 1 

i *'276 

29 

1*499 

47 

1*718 

64 

T *101 

12 

1 *288 

30 

1*511 

48 1 

. ^*729 

65 
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VII. -1'Ar.l-M Ol- Sl'I'XU’lC GuAVITY A?^jPER9^7'A0K,O4r‘CAUS?l"iC‘;,SODA in 
At^UEous ‘ ’ 



<v . 1 


• 1 


25 1 


: 



Wj"io 

= 0 

w' 

S 'ci 


(U rt 


r* ‘/i 

0 - tl 


.'A i-i 

'U 

C/ '; rt 

s . 


Cu 0 


Ph 0 

I oi-.; 

1 

1 

r.M 4 

19 ; 

I '» 1'.! ^ 

'j 


20 1 




r. i 

ro.jS 

4 

i'-.!47 



s 

1 *'.>58 


1 ■( I'/t > 

('1 

I ■■.’(It; 

^4 i 

r •( iR r 

7 

r ;79 


I •< ><r. 

M 

I 'v (;0 

! ~9 

rii>4 

9 


27 1 

I ■ 1 1 s 

10 

I'^ro 

2 R 

I ■ 1 -.’fi 

1-1 7 

ri |R 

I *1 Mi; 

1 I 

1 .! 

<4 

' ’RSJ 

2() 

3» 

1*170 


1*363 

33 

I * 1 R r 

Ki 

i’374 

34 

1*11).! 

‘7 


33 

I 

iR 

^'395 

3<5 


! 

W n * 

bfj to ! 

1 Percentage 

1 of NaOH. 

d- 

CO rt 

Percentage 

of NaOH. 

i -‘|05 

H 1 

1*580 

54 

1*415 

3 *^ 1 

1*591 

55 

1 *426 

39 

I *601 

56 

1*437 

40 

i’6ii 

57 

1*447 

41 I 

1*622 

58 

1*457 

42 

1*633 

59 

1 '468 

43 

! 1*643 

60 

1 * 47 ?. 

44 

; 1*654 

61 

1 ‘48S 

4.5 

; 1*666 

62 

1*499 

46 

i 1*674 

•63 

1 *509 

i ‘17 

1 I *684 

64 

I * 5 1 9 

1 48 

i 1*695 

65 

I *529 

1 49 

1*705 

66 

1*540 

50 

1 1*715 

67 

1 *550 

St 

• 1 *726 

68 

1*560 

52 

i 1*737 

69 

1*570 

53 

i 1*748 

|i 

70 


VIIL— Tabi.e uf Si'KCii'ic Gravity and Pekcentagk of Ammonia in 
A<,>ukou.s Solution. 


.sy>. at 14" comfxtn'ti with water at 14 " = i. 





Acetaldehyde, 64 
Acetamide, 77 y 
Acetanilide, . 

Acetic acid, 7.} 

Acetic anhydride, 76 
Acetic ether, Sr 
Acetiunnnlirnuiamide, 80 
Acett (acetic ester, 8j 
Acetone, 09 
Acetonitrile, 79 
A cet opl leaone, 2 to 
AcKtuirheiioiieoxime, cr i 
Acetophenonesemicarhazoue, 212 
Aceto.\*inie, ^'i 
Acetyl chloride, 74 
Acetylene, 64 

Acetyl method (Perkin), 222 

Acrolein, 93 

Alcohol, 49 

Aldehyde-ammonia, 66 

Alizarin, 227 

Alloxan, 130 

Alloxantin, 129 

Allyl alcohol, ioq 

Alntuiniuni-iuercury couple, 213 

Amiuoacetic acid, yo 

Ami noazo benzene, 172 

z//-Aminobenzoic acid, cor 

/-Aminopheiiol, 146 

Ammoniacid cuprous cliloridc, 64 

Amyl alcohol, 6 g 

Amyl nitrite, 6y 

Aniline, 143 

Anis<(le, xHi 

AtiMdiiitz thermometer, 59 
Anthrtuiuinone, 225 

Anthrjujuinone j8-monosulphonate ot 
sodium, 226 
AntifeVirin, 151 
Appendix, 234 
Az(:(henzene, 145 
Azoxybenzene, 143 


B 

Ih'ckmann fix;ezing-poinl apparatus, 33 
l)oiling-point apparatus, 38 
thermometer, ;t4 
lieckmann's reaction, ate 
Bcnzalaniliue, 197 
^Benzaldehydc, 196 
l^nzaldchyde green, 2 if, 
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a-Benzaldoxime, 197 
/ 3 -Benza]doxime, 197 
Henzamide, 209 
Benzene, 136, 162 
Benzene ethjd sulphonate, 179 
Benzene phenyl sulphonate, 179 
Benzene sulphonamide, 179 
Benzene sulphonanilide, 179 
Benzene sulphonic acid, 177 
Benzene sulphonic chloride, 178 
l>enzidine, 148 
P»enzil, 203 
P*enzilic acid, 203 
Benzoic acid, 199 
Jlenzoic ester, 209 
P)enzoin, 202 
I-lenzoyl chloride, 208 
Benzoylacetone, 212 
Benzyl alcohol, 195, 197 
Benz.yl chloride, 194 
Bisdiazojicetic acid, 96 
Bitter almond oil, 190 
Biuret, 127^ 

P)oiling-point method, 37 
determination of, 58 
correction for, 59 
/-Bromacetanilide, 152 
Bromacetic acid, 89 
Broinacetyl bromide, 89 
Bromobenzene, 140 
7;;- Bromobenzoic acid, 20t 
Bromocresol, 165 
yi-Hromotoluene, 167 
Butyric acid, 99 

C 


Caffeine, 131 
Ckirbamide, 126 
Carbamine reaction, 71 
Carbolic acid, 179 
Carbon, qualitative analysis i 
C.'irhon, quantitative analysis 4 
Carlus' method, 22, 28 
Chattaway' s reaction, 174 
(’hloracetic acid, 87 
Chloral, 99 
Chloral hydrade, 99 
Chlorhydrin, nr 
/-Chlorobenzoic acid, 166 
Chloroform, 70 
/-Chloro toluene, 165 
Cinnamic acid, 204 
Ciiraconic acid, 125 
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Citric acid, 124 
Claisen flask, 85 

reaction, 212 
Combustion furnace, 4 
Combustion, 4 

carbon and hydrogen, 4 
nitrogen compounds, 13 
substances containing halogens and 
sulphur, 13 _ 

substances containing nitrogen, 12 
volatile and hygroscopic substances, 


Correction for boiling-point, 59 
Creatine, 132 
^-Cresol, 164 
Cryoscopic method, 32 
Crystallisation, 52 
Cuprous chloride, 166 
Cyclohexanol, i8x 


Depressimeter, 37 _ 

Determination of boiling-point, 58 
freezing-point, 33 
melting-point, 72 
rotatory power, 116 
specific gravity, 56 
Dextrose, 135 
Diazoacetic ester,' 94 
Diazoaminobenzene, 171 
Diazobenzene perbromide, 162 
Diazobenzene sulphate, 161 
IDiazobenzolimide, 232 
Dichlorhydrin, T12 
Diethyl malonate, 96 
Diethyl tartrate, 115 
Dihydroxysuccinic acid, 114 
Dimethylaniline, 156 
Dimethyl oxalate, lox 
Dimethyl /-phenylenediamine, 177 
Dinaphthol, 220 
z«-Dinitrobenzene, 154 
Diphenylhydrazine, 146 
Diphenylmethane, 213 
Diphenyl thiourea, 159 
Distillation in steam, 107 
in vacuo, 84, 94 
Drying apparatus, 4 


Ebullioscopic method, 37 
Electrolytic reduction, oxalic acid, 102 
nitrobenzene, 144, 145 
Eosin, 187 
Epichlorhydrin, iix 
Estimation of carbon and hydrogen, 4 
halogens, 22 
nitrogen, 13 
sulphur, 28 
Ether, 59 

commercial, 61 
Ethyl acetate, 8r 
Ethyl acetoacetate, 83 


Ethyl alcohol, 49 
Ethyl benzene, 14 1 
Ethyl benzoate, 209 
Ethyl bromide, 54 
Ethylene bromide, 62 
Ethyl ether, 59 
Ethyl malonate, 96 
Ethyl malonic acid, 97 
Ethyl potassium sulphate, 50 
Ethyl tartrate, 1x5 
rotation of, 120 
Eyhjimi depressimeter, 37 


Gattermann’s furnace, 24 
diazo-reaction, 167 
Gelatine, hydrolysis of, 93 
Glucose, 135 
Glyceric acid, lor 
Glycerin, 106 
Glycerol, 106 
Glycine, 90 
Glycocoll, 90 

ester hydrochloride, 92 
Glycollic acid, X02 
Gly.oxylic acid, 102 
Grape-sugar, 135 


i 


Filter-pump, 44 
Filtration through cloth, 131 
under reduced pressure, 43 
with fluted filter, 53 
T^ischer's ester method, 133 
Fluorescein, 187 
Fluted filter, 53 
Formic acid, xo6 
Fractional distillation, 136 
Fractionating columns, 137 
Freezing-point method, 32 
Friedel-Crafts' reaction, 210 
Furnace, combustion, 4 
tube, 23-; 

Fusel oil, 69 


Halogens, qualitative determination, 3 


quantitative ,, 32 

Heating under pressure, 78 
Hexahydrophenol, i 8 t 
Helianthin, 151 

Hempel fractionating column, xyj 
Hqfjuann' s bottles. 30 
Hot-water funnel, 53 
Hydrazobenzene, 146 
Hydriodic acid, 113 
Hydrobenzamide, 196 
Hydrobromic acid, 140 
Hydrochloric acid gas, 93 
Hydrocinnamic acid, 204 
Hydrogen, qualitative determination, r ^ 
quantitative j , f 


r 
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Hydrolysis of ethyl acetate, 82 
1 lydrociuiuoue, jOj 

f). Hydroxyl jen/aldehyde, rSS 
/ ji i33 

H y d n ) x y 1 te r i zen e , r 79 
<;■ Hydroxy benzoic aciil, ig<.» 

Hydroxyl method ), 223 

Hypuune, 2iOj 

I 

lodohcnzene, 163 
'Iodoform reaction, 50 
lodosotolneue, ifig 
/’loilotoluene, it'd 
I sat in, a-fg 

Isopropyl iodide, no 

K 

Kjfldahi's rtiethod, ao 

\. 

Laun'nf\s pulariim^rer, xi6 
lanicine, 133 

/^ichf'nuann's altruso reaction, 159 
M 

Malachite urcim, ^'13 
Malic acid, i r .r 
Malonic esttrr, d^ 

Mandelic aciti, vor, 

McUinu*|>oint dincrmination, 73 
Mesjicomc acid, 125 
Mesc»iartarlc acitl, ia;s 
Methoxyl method (/c/.vf/), 220 
Methyl acetate, 81 
Methyl alcohol^ 67 
Methyl al<;uhoUc potash, <57 
Methylamiiie hydnichloritU*, Ho 
Methylatnl spirit, punticutii»n of, 4S 
Methyl cy.iiutle, 79 
Mcthyleueamiii. -aretonitrile, 9a 
Methyl iodiile, oH 
Methyl orani^e, 170 
Methyl oxalate, no 
Methyl pheiiate, jHi 
Methyl potassiiim sidphate, S“ 
Mcdecnlar r«Jtatton, 119 
Molecular weij^ht ■ - 
vaptiur ileinity, 29 
fret'zittK-fwitit, ;i j 
huiUnK'point, jH' 
oruanu: acit.ls, 43 
oriiunic bases, 40 
Jify/mJt’s reaction, t td 
Monobromacetic acitl, 89 
Monachloriuajtic acid, 87 
Mluux'hlorhydrin, 1 1 1 
Mutexide, rag 


Naphthalene, 216 
Naphthalene picrate, 217 
Naphthalene sulphonate of'sodium, siS- 
P’NaphthoI, 219 
Naphthol yellow, 224 
/i-Naphthyl acetate, 222 
/i-Naphthyl methyl ether, 220 
/-Nitracetanilide, 153 
7/Z'Nitraniline, 154 
/-Nitraniline, 153 
Nitric acid (fuming), 22 
Nitrobenzene, T42 
w-Nitrobenzoic acid, 200 
Nitrogen, qualitative estimation, 2 
quantitative estimation, 13 
Nitrophenol, 183 
Nitrosobenzene, 146 
/-Nitrosodimethylaniline, 157 
Nitrosophenol, 159 

O 

Organic analysis, i 
Oxalic acid, 100 
Ox amide, 102 

Oxanthranolatc of sodium, 226 
P 

Palmitic acid, T04 
Palm oil, J04 
Paraldehyde, 67 
Pararosanilinc, 21 «; 

Peri-m's acetyl method 222 
PerJim’s pyknomeier, 57 
Phenol, 179 
Phenolphthulein, 186 
I*hcnylacetamide^ 151 
Plienylacrylic acid, 204 
Phenyl bromide, 140 
///•Phenylenediamine, 155 
/■Phenylenediamine, 173 
Phenyl isocyanate, 160 
Phenylhydrazine, 173 
Phenylhydroxylamine, T48 
Phenyl mustard oil, 160 
Phenyl •methyl carhinol, 206 
Phenyl methyl ether, 18 1 
Phenyl methyl ketone, 210 
Phenyl methyl pyrazolone, 175 
Phenyl methyl triuzolecarboxylic acid, 
232 

F’henylpropionic acid, 204 
Phenylthiocarbimide, 160 
Phenylthiourethane, i6d 
I‘hosphorus, qualitative analysis, 3 
Phllmlic acid, 217 
Picric acid, 185 * 

/WvVr method, ®7 

Polarirneter, ri6 
Potash apparatus, 4 


INDEX 


Potassium benzene sulphonate, 177 
Potassium ethyl sulphate, 50 
Potassium methyl sulphate, 50 
Preparations, general remarks, 47 
Pressure tube, glass, 24, 78 
furnace, 24 
metal, 227 

Purification of ether, 60 

methylated spirit, ^3 
Pyknometej, 57 
Pyruvic acid, 124 


Quantitative estimation cf carbon and 
hydrogen, 4 
halogens, 22 

nitrogen, 13 ' 

sulphur, 28 
■Quinine sulphate 231 
Quinol, 193 
Quinoline, 230 

Quinone, 102 " ‘ - 

Quinoneoxime, 159 , , . 


Tartaric acid, 1 14 
Terephthalic acid, 171 
Tetrabromocresol, 165 
Thiocarbarnide, 128 
Thiocarbanilamide, 159 
Thiocarbanilide, 159 
Thiourea, 128 
yi-Tolyl bromide, 167 
/-Tolyl chloride, 165 
j? 4 -Tolyl cyanide, 169 
Tolyliodochloride, 169 
Toluene from toluidine, 163 
j? 5 -Toluic acid, 170 
Tribromophenol, 180 
Trichloracetic acid, 99 
Trimethylxan thine, 131 
Trinitrophenol, 185 
Triphenylguanidine, 160 
Triphenylmethane, 2:4 
Tsclnig:acff’ s hydroxyl methqd, 223 
‘Tube furnace, 23 
•Tyrosine j 133 


Racemic acid, '122'. 

resolution of, -123 
Ring-burner, 108 
Rotation of ethyl tartrate, 120 
tartaric acid, 120 • , 


, Ulbnann's reaction, 180 
Ur6a, 126 
Uric, acid, 128 


"Salicylaldehyde, 188 
Salicylic acid, 190 ^ 

Sandmeyer's reaction, 165, 167 
Saponification of ethyl acetate, 82 
palm oil, 104 

azotometer, 14 
reaction, 67 

Schotien-BaziviamC s reaction, 209 
Sealed tube furnace, 23 
•Sealed tubes, 24 
.Sodium bisulphite, 67 
knife, 61 
press, 61 

Specific gravity determination, 56 

Specific rotation, up 

Spirits of wine, purification of, 49 

Sprengel*s pyknome^, 57 

Succinic acid, 1 13 j 

Sulphanilic acid, 175 

Sufehur, estimation ,of, 28 , 


ypicuum-desiccator, 45 
Vacuum distillation, 84, 94 
Vapour density method, 29 
Vicior-Meyer Apparatus, 29 
Vtgreux's fractionating column, 137 


Water-jet aspirator, 44 
Water turbine, 91 


yonngzxid fractionating column 

137 


\ise 0^ 


THE END 
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